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Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH{S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 .136(a). In no event however, may a reply be timely filed 
after SIX (6) MOhfTHS from the mailing date of this communication. 

- tr the period for reply specified above is tess than thirty (30) days, a repfy within the statutory minimum of thirty (30) days will be considered timefy. 

- If NO period for reply is specified above, the maximum statutory period will apply and will e^qDire SIX (6) MONTHS from the mailirtg date of this communication. 

- Failure to reply within the set or extended penod Ibr reply w0l. by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timefy filed, may reduce any 
earned patent tent) adjustment See 37 CFR 1 .704(b). 

Status 

1 )S Responsive to communication(s) filed on 01 December 2004 , 
2a)S This action is FINAL. 2b)n This action is non-final. 

3) 0 Since this application is in condition for allowance except for fomnal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quay/e, 1935 CD. 11, 453 O.G. 213. 

Disposition of Claims 

4) K1 Claim(s) 1-3.7,58.59 and 65-71 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) 0 Claim(s) is/are allowed. 

6) S Claim(s) 1.2.7.58.59 and 66-70 is/are rejected. 

Claim{s) 3,65 and 71 is/are objected to. 

8) n Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) 0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on is/are: a)^ accepted or b)^ objected to by the Examiner. 

Applicant may not request that any ol5jection to the drawing(s) be held in abeyance. See 37 CFR 1 .85(a). 

Replacement drawing sheet(s) including the con^on is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 
1 1 )EI The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-1 52. 

Priority under 35 U.S.C. § 119 

12)0 Acltnowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d) or (f). 
a)n All b)n Some * c)^ None of: 

1 .□ Certified copies of the priority documents have been received. 

2. n Certified copies of the priority documents have been received in Application No. . 

3. n Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 



Attachfnent(s) 

1 ) ISI Notice of References Cited (PTO-892) 

2) Q Notice of Drafteperson*s Patent Drawing Review (PTO-94a) 

3) □ Information Disdosure Statement(s) {PTO-1449 or PTO/SB/08) 
Paper No(s)/Iitoii Dale . 



4) □ Interview Sumnnary (PTC>413) 

Paper No(s)/Mall Dale. . 

5) □ Notice of Informal Patent Application (PTO-1 52) 

6) □ Other . 
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DETAILED ACTION 

1. Applicant's amendment filed 12/1/04 is acknowledged and has been entered. 

2. Applicant is reminded of Applicant's election of Group I (claims 1-3, 1, 8, 58 and 59), and 
species of polypeptide con^)rising SEQ ID NO: 5 in Applicant's response filed 2/6/04. 

Claims 1-3, 7, 58, 59 and 65-71 are currendy being examined. 

3. The oath or declaration is defective. A new oath or declaration in compliance with 37 
CFR 1.67(a) identifying this application by application number and filing date is required. See 
MPEP §§ 602.01 and 602.02. 

The oath or declaration is defective because: The first line of the specification claims priority 
to Application serial no. 60/099,077 filed September 4, 1998 that is not listed in the 
declaration. 

The Examiner acknowledges Applicant's statement in the amendment filed 12/1/04 that an 
application data sheet was filed, however, the said application data sheet does not appear to 
have been filed. 

The following are new grounds of rejection necessitated by Applicant's amendment filed 
12/1/04, 

4. The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 

The specification shall contain a written descriptiai of tte invenUon, and of the manner and process of making and using it. in such fuD, clear, 
concise, and exact terms as to enable any person skilled in die art to which it pertains, or with which it is most nearly connected, to make and* 
use the same and shall set forth the best mode contemplated by the inventor of carrying out his invention. 

5. Claims 1, 2. 7, 58, 59 and 66-70 are rejected under 35 U.S.C. 112, first paragraph, as 
failing to comply with the written description requirement. The claim(s) contains subject 
matter which was not described in the specification in such a way as to reasonably convey to 
one skilled in the relevant art that the inventor(s), at the time the application was filed, had 
possession of the claimed invention. 

The specification does not provide adequate written description of the claimed invention. The 
legal standard for sufficiency of a patent's (or a specification's) written description is whether 
that description "reasonably conveys to the artisan that the inventor had possession at that time 
of the. . .claimed subject matter", Vas-Cath. Inc. V. Mahurkar . 19 USPQ2d 1111 (Fed. Cir. 
1991). In the instant case, the specification does not convey to the artisan that the Applicant 
had possession at the time of invention of the claimed: (1) isolated polypq)tide/composition 
thereof comprising the amino acid sequence of a "functional amino acid substitution variant" of 
SEQ ID NO: 12 "that retains immunogenicity", (2) or a fi-agment having, i.e., comprising, at 
least 14 consecutive amino acid residues of SEQ ID NO: 5, (3) a composition comprising an 
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immunogenic fragment of SEQ ID NO; 5, or which said composition comprises an 
immunogenic fragment, said immunogenic fragment conq)rises the amino acid sequence of 
SEQ ID NO: 12, (4) an isolated immunogenic polypeptide comprising the amino acid sequence 
of SEQ ID NO: 5, SEQ ID NO: 9 or SEQ ID NO: 12. 

The instant claims encompass: (1) an isolated polypeptide/composition thereof comprising the 
amino acid sequence of a "functional aniino acid substitution variant" of SEQ ID NO: 12 "that 
retains immunogenicity", i.e., it can stimulate an antibody response or it can stimulate a T cell 
response to a different HLA/T cell combination than SEQ ID NO: 12, (2) a fragment having, 
i.e., comprising, at least 14 consecutive amino acid residues of SEQ ID NO: 5 that does not 
contain SEQ ID NO: 12 and does not stimulate the same HLA/CTL combination, (3) a 
composition comprising an immunogenic fragment of SEQ ID NO: 5 that does not contain 
SEQ ID NO: 12 and does not stimulate the same HLA/CTL combination, or which said 
composition comprises an immunogenic fragment, said inmiunogenic fragment comprises the 
amino acid sequence of SEQ ID NO: 12 but does not further comprise flanking amino acid 
residues present in SEQ ID NO: 5, (4) an isolated hmnunogenic polypeptide comprising the 
amino acid sequence of SEQ ID NO: 5, SEQ ID NO: 9 or SEQ ID NO: 12 that does not 
further comprise flanking amino acid residues present in the alt. M-CSF sequence, i.e., that is 
not a subsequence of alt. M-CSF tumor rejection protein. In addition, the said 
peptide/fragment composition, thereof can con^)rise amino acid residues that flank the said 
sequences m the peptide or protein of origin, or can be any number of undisclosed and 
unrelated sequences or can be non-peptidic in nature. There is insufficient disclosure in the 
specification on the said peptide/fragment/composition includmg vaccine thereof. 

The specification discloses that expression of alt.M-CSF is detected in normal hepatocytes and 
not exclusively in [renal] tumor cells (page 42 at lines 16-20). The specification further 
discloses that the peptide SEQ ID NO: 12 is derived from the translation of an alternative open 
reading frame of the normal human M-CSF cDNA and is recognized by a CTL Ime from a 
renal carcinoma patient as well as on two allogeneic HLA-B*3501 positive renal cell 
carcinoma lines 0)age 40 3t lines 13-16). The specification further discloses that N- or C- 
terminal truncations of SEQ ID NO: 12 failed to sensitize allogenic HLA-B*3501 positive 
EBV-B cells, SEQ ID NO: 12 appearing to be the minimal peptide (page 40 at lines 4-12). 

The specification discloses that fimctional a variant of an alt.M-CSF inmiunogenic polypeptide 
is a molecule which contains one or more modifications to the primary amino acid sequence of 
an alt.M-CSF inmiunogenic polypeptide and retains the HLA class I binding properties 
disclosed as well as the ability to stimulate proUferation and/or activation of CD8^ T 
lymphocytes (page 11 at lines 10-14). The specification discloses that modifications to create a 
fimctional variant include enhancing a property such as peptide stability in an expression 
system, more stable peptide/HLA binding, or providing a novel activity or property such as the 
addition of an antigenic epitope or a detectable moiety, or providmg a different amino acid 
sequence that produces the same or similar T cell stimulatory properties (page 1 1 at Imes 14- 
20). The specification discloses that the amino acid sequences of alt.M-CSF immunogenic 



Application/Control Number: 09/786,214 



Page 4 



Art Unit: 1644 



polypeptides may be of natural or non-natural origin, that is they may comprise a natural 
alt.M-CSF immunogenic polypeptide molecule or they may comprise a modified sequence as 
long as the amino acid sequence retains the ability to stimulate CTL when presented and binds 
to an HLA Class I molecule such as HLA-B*3501 (page 1 1 at lines 28-32). 

The specification discloses that methods for identifying functional variants of an alt.M-CSF 
immunogenic polypeptide include selecting an alt.M-CSF polypeptide, an HLA molecule that 
binds the said polypeptide, and a T cell that is stimulated by the said polypeptide or a fragment 
thereof, adding, deleting or substituting a first or second amino acid residue and testing for 
binding to HLA and/or stimulation of a T cell (paragraph spanning pages 6 and 7). 

The specification discloses other methods for identifying functional variants of the alt.M-CSF 
immunogenic polypeptides rely upon the development of amino acid sequence motifs to which 
potential epitopes may be compared or that motif analysis may be used in design of such 
polypeptides, experimental ranking schemes may be used and the sthnulation of the T cell are 
determined according to standard procedures (page 13 at lines 13-32, page 14 at lines 1-22 and 
page 15 at Imes 3-12). 

The specification discloses methods for identifying a candidate mimetic of an alt.M-CSF 
polypeptide that is not necessarily a peptide, but is a fiinctional variant (page 8 at lines 1-12). 
The specification discloses that exemplary polypeptides are processed translation products of 
SEQ ID NO: 4 and that the said polypeptides may be any length as long as they are processed 
to a final form that encompasses SEQ ID NO: 12. The specification discloses that SEQ ID 
NO: 12 may have added amino acid residues that correspond to the alt.M-CSF polypeptide of 
SEQ ID NO: 5, or may be unrelated (page 10 at lines 11-24). 

In claims involving chemical materials, generic formulae usually indicate with specificity what 
the generic claims encompass. One skilled in the art can distinguish such a formula from 
others and can identify many of the species that the claims encompass. Accordingly, such a 
formula is normally an adequate description of the claimed genus. However, a generic 
statement such as "functional amino acid substitution variant that retams inomunogenicity" or 
"a fi:agment thereof having at least 14 consecutive amino acid residues of SEQ ID NO: 5" or 
"composition comprising an immunogenic fragment of SEQ ID NO: 5" does not describe the 
claimed peptide/fragment/composition thereof, except by the property of retainmg some form 
of inmiunogenicity , or containing at least 14 consecutive amino acid residues of SEQ ID NO: 5 
which may not include SEQ ID NO: 12, or that comprises any immunogenic fragment of SEQ 
ID NO: 5 that may not mclude SEQ ID NO: 12 that sthnulates a humoral or cellular immune 
response. It does not specifically define any of the peptides/functional amino acid substitution 
variants/inomunogenic fragments that fall within its definition. It does not define any structural 
features commonly possessed by members of the genus that distinguish them from others, other 
than the variant has to bind some HLA molecule and stimulate some T cell or some antibody 
response. One skilled in the art therefore cannot, as one can do with a fully described genus, 
visualize or recognize the identity of the members of the genus. In addition, a definition by 



Application/Control Number: 09/786,214 
Art Unit: 1644 



Pages 



function does not suffice to define the genus because it is only an indication of what the 
property the peptide has, rather than what it is. See Fiers, 984 F.2d at 1169-71, 25 USPQ2d 
at 1605-06. It is only a definition of a useful result rather than a definition of what achieves 
that resuh. Many such species may achieve that result. The description requirement of the 
patent statute requires a description of an invention, not an indication of a result that one might 
achieve if one made that invention. See In re Wilder, 736 F.2d 1516, 1521, 222 USPQ 369, 
372-73 (Fed. Cir. 1984) (affirming rejection because the specification does "little more than 
outlin [e] goals appellants hope the claimed invention achieves and the problems the invention 
will hopefully ameliorate. ") Accordingly, nammg a type of material generally known to exist, 
in the absence of knowledge as to what that material consists of, is not a description of that 
material. 

One of ordinary skill in the art would reasonably conclude that the disclosure fails to provide a 
representative number of species to describe the genus as broadly claimed. 

Applicant's arguments in the amendment filed 12/1/04 have been fully considered but are not 
persuasive. 

Applicant's arguments are of record in the said amendment on pages 5-7. 

It is the Examiner's position that claim 1 recites an isolated polypeptide con^rising the amino 
acid sequence of SEQ ID NO: 5, or a fragment thereof having at least 14 consecutive amino 
acids of SEQ ID NO: 5, i.e., the polypeptide comprises the fragment, and so the sequence of 
the said isolated polypeptide can be of any length or con^osition flankmg either end of the said 
fragment. It is the Examiner's further position with regard to Applicant's argument to an 
isolated immunogenic polypeptide comprising the amino acid sequence of SEQ ID NO: 5 or 
SEQ ID NO: 12, that the amino acid residues flanking the polypeptide can be any amino acid 
residues up to any length. 

6. Claims 1, 2, 7, 58, 59 and 66-70 are rejected under 35 U,SX. 112, first paragraph, 
because the specification, while being enabling for making and/or using a peptide consisting of 
the sequence of SEQ ID NO: 5, 9 or 12, does not reasonably provide enablement for making 
and/or using an isolated polypeptide/composition thereof comprising the ammo acid sequence 
of (1) a "functional amino acid substitution variant" of SEQ ID NO: 12 "that retains 
immunogenicity", i.e., it can stimulate an antibody response or it can stimulate a T cell 
response to a different HLA/CTL cell combination than SEQ ID NO: 12, (2) a fragment 
having, i.e., comprising, at least 14 consecutive amino acid residues of SEQ ID NO: 5 that 
does not contain SEQ ID NO: 12 and does not stimulate the same HLA/CTL combination, (3) 
a composition comprising an immunogenic fragment of SEQ ID NO: 5 that does not contain 
SEQ ID NO: 12 and does not stimulate the same HLA/CTL combination, or which said 
composition conq)rises an immunogenic fragment, said immunogenic fragment comprises the 
amino acid sequence of SEQ ID NO: 12 but does not further comprise flanking amino acid 
residues present in SEQ ID NO: 5, (4) an isolated immunogenic polypeptide comprising the 
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amino acid sequence of SEQ ID NO: 5, SEQ ID NO: 9 or SEQ ID NO: 12 that does not 
further comprise flanking anuno acid residues present in the alt.M-CSF sequence, i.e., that is 
not a subsequence of alt.M-CSF tumor rejection protein. The state of the art is such that it is 
unpredictable in the absence of appropriate evidence whether the claimed invention can be 
made and or used. The specification does not enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make or use the invention 
commensurate in scope with these claims. 

The specification discloses that expression of alt.M-CSF is detected in normal hepatocytes and 
not exclusively in [renal] tumor cells (page 42 at lines 16-20). The specification further 
discloses that the peptide SEQ ID NO: 12 is derived from the translation of an alternative open 
reading frame of the normal human M-CSF cDNA and is recognized by a CTL line from a 
renal carcinoma patient as well as on two allogeneic HLA-B*3501 positive renal cell 
carcmoma lines ^age 40 at lines 13-16). The specification further discloses that N- or C- 
terminal truncations of SEQ ID NO: 12 failed to sensitize allogenic HLA-B*3501 positive 
EBV-B cells, SEQ ID NO: 12 appearing to be the minimal peptide (page 40 at lines 4-12). 

The specification discloses that functional a variant of an alt.M-CSF immunogenic polypeptide 
is a molecule which contains one or more modifications to the primary amino acid sequence of 
an alt.M-CSF immunogenic polypeptide and retams the HLA class I bindmg properties 
disclosed as well as the ability to stimulate proliferation and/or activation of CD8^ T 
lyn^hocytes (page 11 at lines 10-14). The specification discloses that modifications to create a 
functional variant include enhancing a property such as peptide stability in an expression 
system, more stable peptide/HLA bmding, or providing a novel activity or property such as the 
addition of an antigenic epitope or a detectable moiety, or providing a different amino acid 
sequence that produces the same or similar T cell stimulatory properties (page 1 1 at lines 14- 
20). The specification discloses that the amino acid sequences of alt.M-CSF unmunogenic 
polypeptides may be of natural or non-natural origin, that is they may comprise a natural 
alt.M-CSF immunogenic polypeptide molecule or they may comprise a modified sequence as 
long as the amino acid sequence retains the ability to stunulate CTL when presented and binds 
to an HLA Class I molecule such as HLA-B*3501 (page 11 at lines 28-32). 

The specification discloses that methods for identifying functional variants of an alt.M-CSF 
immunogenic polypeptide mclude selecting an alt.M-CSF polypeptide, an HLA molecule that 
binds the said polypeptide, and a T cell that is stimulated by the said polypeptide or a fragment 
thereof, adding, deleting or substituting a first or second amino acid residue and testing for 
binding to HLA and/or stimulation of a T cell (paragraph spanning pages 6 and 7). 

The specification discloses other methods for identifying functional variants of the alt.M-CSF 
immunogenic polypeptides rely upon the development of amino acid sequence motifs to which 
potential epitopes may be compared or that motif analysis may be used in design of such 
polypeptides, experimental ranking schemes may be used and the stimulation of the T cell are 
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determined according to standard procedures (page 13 at lines 13-32, page 14 at lines 1-22 and 
page 15 at lines 3-12). 

The specification discloses methods for identifying a candidate mimetic of an alt.M-CSF 
polypeptide that is not necessarily a peptide, but is a functional variant (page 8 at lines M2). 
The specification discloses that exemplary polypeptides are processed translation products of 
SEQ ID NO: 4 and that the said polypeptides may be any length as long as they are processed 
to a final form that encompasses SEQ ID NO: 12. The specification discloses that SEQ ID 
NO: 12 may have added amino acid residues that correspond to the alt.M-CSF polypeptide of 
SEQ ID NO: 5, or may be unrelated (page 10 at lines 11-24). 

The specification discloses that alt.M-CSF immunogenic polypeptides such as SEQ ID NO: 12 
which are presented by MHC and recognized by CTL can be combined with peptides fi^om 
other tumor rejection antigens to form polytopes, in order to make conq)osite polypeptides that 
correspond to the different combination of epitopes representing a subset of tumor rejection 
antigens expressed in a particular patient or expressed by a tumor type, and the said polytopes 
administered to induce or enhance an immune response. However, the specification does not 
disclose use of compositions comprising peptides comprising SEQ ID NO: 12 and other tumor 
associated rejection antigen peptides for testing in vitro or administration in vivo for any 
patient or tumor type. 

The specification discloses that the alt.M-CSF polypeptides may be used for treating a disorder 
characterized by expression of an alt.M-CSF inmiunogenic polypq>tide, for adoptive transfer, 
for diagnosis, for production of anti-peptide/HLA mAbs for use in imaging or purification. 

Regarding design of peptides, i.e., functional variants, from motif analysis and experimental 
ranking algorithms the following applies. The claimed invention encompasses ft^agments of 
SEQ ID NO: 5 SEQ ID NO: 12, wherein the HLA molecule and peptide binding motif are not 
specified residues nor are amino acid residues not involved in MHC, i.e., the TCR contact 
residues. Evidentiary reifetence Cells et al (Molecular Immunol. 3: 1423-1430, 1994, 
previously provided) teach that in order to establish whether a peptide is immunogenic said 
peptide needs to be tested in assays that actually establish that a peptide is immunogenic. 
Further, although experimental ranking schemes are available for predicting relative binding 
strengths of some HLA binding peptides, and assays are available to test the binding of 
peptides to HLA, an undue amount of experimentation would be involved in determining 
peptides from the many possibilities that would be capable of bindmg to HLA and mducing a 
CTL response. Cells et al teach that "In addition to MHC binding, other factors such as 
antigen processing, peptide transport and the composition of the T-cell receptor repertoire 
could determine whether any of these peptides can function as effective CTL antigens." 
Evidentiary reference Ochoa-Garay et al (Molecular Immunol. 34(3): 273-281, 1997, 
previously provided) teach that ^In summary, the results in tiiis report indicate that the 
immunogenicity of a peptide cannot always be predicted from its affinity for class I or the 
presence of class I binding motifs. In addition, our data show that variables such as CTL 
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precursor frequency, peptide hydrophobicity and stability can influence the in vitro induction 
of CTL responses (especially page 279, last sentence and continuing onto page 280). 
Evidentiary reference Karin et a! (J. Exp. Med. 180: 2227-2237, 1994, previously provided) 
teach that amino acids in an MHC binding peptide that are not the amino acids which 
participate in MHC binding can have a profound effect on whether or not a peptide is 
immunogenic. Karin et al teach that a single substitution in an amino acid, wherein said amino 
acid plays no role in MHC binding can completely abrogate the immxmogenicity of an 
otherwise inmiunogenic peptide (especially Summary and Table 1). Thus Karin et al establish 
that amino acid residues not recited in the claimed peptide (e.e., amino acid residues not 
mvolved in MHC binding of a peptide) will play a pivotal role in determining whether the 
peptides recited in the claims are immunogenic. 

Evidentiary reference Kast et al (Eur. J. Immunology 1993 23 1189-1192, previously 
provided) teach that the amino acid residues can exert unportant effects upon the binding 
capacity of a peptide, and hence by extension, to potential immunogenicity. Evidentiary 
reference DiBrino et al (J. Inununology 151(11) 5930-5935, 1993, previously provided) teach 
that the presence of anchor residues is not sufficient for binding to HLA because peptides with 
optimal amino acid residues at anchor positions failed to bind. Evidentiary reference Van der 
Most et al (J. Immunol. 1996, 157: 5543-5554 and Virology 1998, 240: 158-167, previously 
provided) teach that although an antigenic protein may contain multiple motif-fitting peptides, 
CTL responses are usually directed against a very limited number of immunodominant epitopes 
and that immunodominance appears to be determined by a variety of factors including binding 
affinity to HLA (and motif binding peptides bind with a wide range of affinities due to 
secondary anchor residues and secondary effects), intracellular processing of peptides 
determines whether at which level a particular peptide will be presented at the cell surface, and 
holes in the T cell repertoire restrict CTL responses. Van der Most et al also teach that a 
peptide from NP with the second highest binding affinity (IC50= 4.8nM) after the 
immunodominant peptide for L**, is not recognized by LCMV-restricted CTLs. Evidentiary 
reference Chang et al (J. Immunol. 1999, 162: 1156-1164, previously provided) teach a 
Peptide that was inimunogenic in only a single patient despite similar HLA-bindmg affinity. 
Evidentiary reference Vitiello et al (J. Immunol. 1996, 157: 5555-5562, previously provided) 
teach the importance of not only binding affinity, but also of availability of specific TCRs and 
antigen processmg in the shaping of the final repertoire of CTL specificities. Evidentiary 
reference Bergman et al (J Virol. 1994, 68(8): 5306-5310. previously provided) teach a 
discrepancy between antigenicity and immunogenicity, i.e., failure to induce CTL despite 
highly efficient recognition in vitro. 

In addition, evidentiary reference Chaux et al (Int. J. Cancer 77 538-542, 1998, previously 
provided) teach that it is unclear if peptides from tumor specific proteins possessing anchor 
residues for binding to class I MHC produce CTL responses in patients vaccinated with the 
said peptides. Chaux et al further teach that detection of such CTL may require very sensitive 
detection assays, rather than the conventional assays disclosed in the instant specification. In 
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addition, Chaux et al teach that it is unclear whether the results seen in vitro are predictive of 
what occurs in vivo in humans. 

Evidentiary reference Shastri et al (J. Immunology 1995, 155: 4339-4346, previously 
provided) teach that presentation of endogenous peptide/MHC class I complexes is profoundly 
influenced by specific C-terminal flanking residues in the peptide. The art recognizes that 
flanking sequences influence the processing and presentation of CTL epitopes (Eisenlohr et al, 
Shastri et al, Bergmann et al, Wang et al, Perkins et al, Theoboald et al and Gileadi et al) and 
that immunodominance can be affected by the context of the epitope within the protein 
molecule and that junctional neoepitopes can be created (Perkins et al), or that 
immunodommant epitopes can be completely silenced by contiguous sequences (Wang et al). 
An undue amount of experimentation would be involved in determining longer peptides from 
the many possibilities that would be capable of binding to HLA and being recognized by CTL. 
Evidentiary reference Anderton (Immunology 2001 104 367-376, previously provided) teaches 
that in vivo use of altered peptide ligands is unpredictable and dangerous in outbred human 
populations (especially paragraph spanning columns 1 and 2 on page 370). Anderton et al 
further teaches that to identify TCR antagonists, the need exists to generate T cell clones for in 
vitro analysis, with the result that often T cells are produced and are dominant in vitro that are 
robust enough to withstand the selective pressures of cloning, but are not representative of the 
entire in vivo repertoire. 

It would require undue experimentation to determine which of the trillions of peptides 
encompassed by the claimed invention of fragments/polypeptides conq)rising/compositions 
thereof are capable of binding to an undisclosed nxraiber of HLA molecules and which 
immunogenic and which are not in the context of HLA/CTL combinations. Further, synthetic 
peptides that are chosen on the basis of scanning the protein of interest for potential peptide 
sequences that have a motif for binding to an HLA molecule or molecules may not induce a 
CTL response due to lack of Th support for CTLp to CTL. 

Accordingly, there is a high level of unpredictability in designing/selecting sequences that 
would still maintain function, and applicant does not provide direction or guidance to do so. 
Because of this lack of guidance, extended experimentation that would be required to 
determine which substitutions/deletions/additions or permutations of amino acids would be 
necessary to retain activity, and it would require undue experhnentation for one of skill in the 
art to arrive at other amino acid sequences that would have activity. In other words, since it 
would require undue experimentation to identify amino acid sequences that have functional 
activity, it would require undue experimentation to make and use the corresponding peptides. 
Therefore, undue experimentation would be required to determine what peptides could or could 
not be used in the claimed invention. 



Application/Control Number: 09/786.214 
Art Unit: 1644 



Page 10 



The specification does not adequately teach how to effectively use the claimed 
fragments/polypeptides compri5ing/conq)ositions thereof capable of binding to an undisclosed 
number of HLA molecules and which are immunogenic in die context of HLA/CTL 
combinations in vivo. The specification does not teach how to extrapolate data obtained from 
in vitro binding and T cell stimulation assays to the development of effective in vivo human 
therapeutic compositions, commensurate in scope with the claimed invention. Therefore, it is 
not clear that the skilled artisan could predict the efficacy of the peptides exemplified in the 
specification and encompassed by the claims. 

In view of the lack of predictability of the art to which the invention pertains, undue 
experimentation would be required to make and/or use the clahned invention with a reasonable 
expectation of success 

There is insufficient guidance in the specification as to how to make and/or use the instant 

invention. Undue experimentation would be required of one skilled m the art to practice the 

instant invention. The enablement provided by the specification is not conunensurate with the 

scope of the claims. See In re Wands 8 USP02d 1400 (CAFC 1988). 

Applicant's arguments in the amendment filed 12/1/04 have been fixlly considered but are not 

persuasive. 

Applicant's arguments are of record in the said amendment on pages 7-9, 

It is the Examiner's position with regard to Applicant's arguments about a peptide comprising 
at least 14 consecutive amino acid residues of SEQ ID NO: 5 that does not consist of SEQ ID 
NO: 12, that the relevant issue is that the claims encompass a peptide comprising at least 14 
consecutive amino acid residues of SEQ ID NO: 5 that does not comain SEQ ID NO: 12, and 
although the skilled artisan could make a fragment of SEQ ID NO: 5 that is at least 14 amino 
acid residues in length, those that do not contain the minimal epitope SEQ ID NO: 12 (a 14- 
mer), for those fragments the specification does not teach the use wherein the fragments do not 
bind to HLA-B*3501 and stimulate a CTL response. It is the Examiner's fiirther position with 
regard to Applicant's arguments about an isolated polypeptide comprising the amino acid 
sequence of SEQ ID NO: 5 or SEQ ID NO: 12 wherein the polypeptide is not a subsequence 
of the alt.M-CSF protein, the claims are not limited to polypeptides comprising one of SEQ ID 
NO: 5 or SEQ ID NO: 12 and fiirther comprising sequences that Applicant has provided in the 
specification for use in polytopes, i.e., other immunogenic peptides from other tumor rejection 
antigens. Although the hybrid or ftision polypeptides or polytopes can be made, the 
specification does not disclose use of compositions conq)rising polypeptides comprising SEQ 
ID NO: 12 and other tumor associated rejection antigen peptides for testing in vitro or 
administration in vivo for any patient or tumor type, and hence the skilled artisan would not 
know how to use the said polytopes to induce an inmiune response against renal carcinoma 
cells that present SEQ ID NO: 12, i.e., may not be relevant for use with SEQ ID NO: 12. 
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7. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 



A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 



8. Claims 3, 65, and 71 are objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations of the base 
claim and any intervening claims. 

9. No claim is allowed, 

10. Applicant's amendment necessitated the new ground(s) of rejection presented in this 
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1. 136(a). 

A shortened statutory period for reply to this final action is set to expire THREE MONTHS 
from the mailing date of this action. In the event a first reply is filed within TWO MONTHS 
of the mailing date of this final action and the advisory action is not mailed until after the end 
of the THREE-MONTH shortened statutory period, then the shortened statutory period will 
expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1. 136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will die statutory period for reply expire later than SIX MONTHS from the date of 
this final action. 

1 1. Any inquiry concerning this communication or earlier communications from the Examiner 
should be directed to Marianne DiBrino whose telephone number is 571-272-0842. The 
Examiner can normally be reached on Monday, Tuesday, Thursday and Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the Examiner's supervisor, 
Christina Y. Chan, can be reached on 571-272-0841. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 
Information Retrieval (PAIR) system. Status mformation for published applications may be 
obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private 
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 




Marianne DiBrino, Ph.D. 
Patent Examiner, Group 1640 
Technology Center 1600 
February 11,2005 
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The Sequence Alteration Associated with a Mutational 
Hotspot in p53 Protects Cells From Lysis by Cytotoxic T 
Lymphocytes Specific for a Flanking Peptide Epitope 

By Matthias Theobald,* Thomas Ruppert,* Ulrike Kuckelkorn,$ 
Javier HemandezMnnett Haussler,* Edite Antunes Fcrreira * 
Ulrike Liewer,* Judith Bi^," Arnold J. Levine,^ Christoph Huber,* 
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Summary 

A . high propordoh of tumon arise due to mutation of the p53 tumor suppressor protein. A p53 
hotspot mutation at amino acid position 273 from R to H, flanking a peptide epitope that spans 
residues 264—272, renders cells resistant to killing by human histocompatibility leukocyte anti- 
gen (HLA)-A*0201-rcstrictcd cytotoxic T lymphocytes (CTLs) specific for this epitope. Ac- 
quisition of the R to H mutation at residue 273 of the human p53 protein promotes tumor 
growth in vivo by selective escape from recognition by p53.264-272 peptide-spccific CTLs. 
Synthetic 27-mcr p53 polypeptides covering the antigenic nonanier region 264-272 of p53 
were used proteasome substrates to investigate whether the R to H mutation at the PI' po- 
sition of the COOH terminus of the epitope a^ccs proteasome-mediated processing of the 
protein. Analysis of the generated products by tandem mass spectrometry and the kinetics of 
polypeptide processing in conjunction with CTL assa ys demonst rate rfiat the R to H mutadon 
alters proteasomal proce^ g of the p53 protein by Inhibiting proteol^ res- 
jducs.272 a nd 273 JhisprevcnB die release ot the natural CTL epitope that spans flanking les- 
idua_^(>t2/jijtt demonstrate that mutation 

of p53 not only leads to nalignant oansformation but may also, in some instances, affect im- 
mune surveillance and should be considered in the design of cancer vaccines. 

Key words: p53 • tumor antigens • cytotoxic T lymphocytes • antigen processing • pioteasomes 



Inactivation of the p53 tumor suppressor protein, through 
mutation or deletion, occurs in the majority of human 
cancere (I, 2). Often this involves a missense mutation at 
one of several defined muutionaJ hotspots in the molecule 
(1-3). The altered. p53 protein accumulates to high levels 
within the cell and has been tised as a marker for malignant 
transformation (1,2). Previous studies in both murine and 
human (Hu)' models have demonstrated the preferential 
susceptibility of transformed cells to lysis by CTLs that arc 



*Abbnfviations used in this paper A*0201. HLA-A*0201: pjin. micro- 
globulin; ER. endoplasmic Fcticulum; Hu, hunun: MS. mai$ spcctronic- 
tty: MS/MS, undein nuss spectromcDy; m/r, nuss/char]^; RP. revened 
phase; rW, recombiiunc vaccinu vinw; tniugenic; WT, wild type. 



specific for peptides representative of processed wild-type 
(WT) p53 protein sequences and are presented on the ceil 
sur&ce by class 1 MHC molecules (4-9). Using transgenic 
(Tg) mice that express the HLA.A*0201 (A*()201) mole- 
cule, we previously identified two peptide sequences from 
the Hu WT p53 molecule, p53.149-157 and 264-272, that 
bind A*020i and serve as endogenously processed target 
epitopes for CTL recognition and lysis (4). Importandy, 
CTLs specific for these p53-derived peptide epitopes are 
able to recognize and lysc a broad range of p53-overex- 
pressing and A*0201 * Hu tumor cclb (4). In contrast, non- 
transformed cells expressing A*0201 are not killed by the 
same CTLs, presumably due to insufiicient levels of expres- 
sion of p53 and p53-derived CTL epitopes (4, 8). These 
peptide epitopes are also able to stimulate A*0201-restncted 
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CTLs from Hu peripheral blood» suggesting the presence 
of CTL prccuisors with specificity for p53 that may be po- 
tentially mobilized to destroy tumor cells expressing high 
levels of p53 peptides (10-13). 

Peptides that are presented on the cell surface by class I 
MHC molecules for recognition by CTLs most often are 
derived from proteolytic processing of cellular proteins by 
the multicatalytic protcasome complex (14-16). Proteolytic 
degradation of p53 has been found to be dependent on 
proieasomal processing (17-20). Proteasomc-gcnerated pep- 
tide products arc subsequently translocated into the endo- 
plasmic reticulum (ER) by the transporters associated widi 
antigen processing, where they arc loaded into the pepddc- 
binding groove of nascent class I molecules (21-23). In this 
report, we demonstrate that proteasomal processing of the 
natural A*0201-restricted CTL epitope p53.264-272 and 
of a putative precursor peptide is profoundly affected by a 
mutational p53 hotspot (R to H) at die COOH-temiinal 
flanking residue 273. As a consequence, target cells that 
overexpress p53 harboring the 273 R to H muution are 
not susceptible to in vitro and in vivo lysLs by A*0201- 
rcstiicted CTLs specific for the flanking p53 epitope^ 264- 
272. To our knowledge, these e)q;)criments demonstrate 
the first oicamplc of a naturally occurring mutation flanking 
a CTL epitope and affecting the ability of the proteasomc 
to generate a defined MHC class I ligand. 



Materials and Methods 

Mia. The derivation of homozygpus A2/K'*-Tg mice ex- 
pressing a chimeric transgene that consists of the al and a2 di>- 
Duins of A*0201 and the a3 domain of H-2K*» has been described 
previously (4, 8). Mice were propagated and maintoincd under 
specific pathogcii-ficc conditions. All experimental procedures 
were peifbrnied according to the National Insticuics of Health 
(vuide for the Care and Use of Laboratory Animals. 

Pep^dal 27-mer polypeptides spanning residues 256-282 of 
Hu WT fTLEDSSGNtLGRNSFEVRVCACPGRDR) and mu- 
tant (273 R to H) p53 were syndiesized on an automated peptide 
synthesizer {432A; PE Applied Diosystems, Foster City, C;A). 
Peptides p53.264-272 (LLGRNSFEV) and 260-272 (SSGN- 
LLGllNSFEV) were synthesized by the core ftcility of TSRI 
(430A synthesizer; PE Applied Diosystems). Purity of synthetic 
peptides was asceruiued by reverse phase (IVP)-HVLC and mass 
spectrometry (MS). Amino acid residues are given in single letter 
code. 

Of/Li/u5. Previously described cell lines and tramfcctants 
used in diesc studies included Tl and T2 cells (24), die nanirally 
A*0201-expressing. p53-dcficient osteosarcoma Hne Sao$-2, and 
the same cells tramfccted with Hu p53 genes harboring mutations 
at residue 143 (V to A). 175 (R to H), and 273 (R to H) (4. 25). 
Murine thymoma lines (EL4) traasfccted widi A*02()l/K** {EA2K») 
or both A'0201 /K^ and a Hu p53 gene harboring an R to H mu- 
ution at residue 273 (EA2KMp53) have been generated as previ- 
ously reported (8). 

(H'L Lines, The derivation and maintenance of A*0201- 
rcstrictcd CTL lines specific for Hu WT p53.264-272 (CTL A2 
264) and p53.14*>-157 (CTL A2 149) have previously been de- 
scnl)ed (4). CTL lines were used as eCFcctor ceils at the indicated 
E/T rarios in -^'Cr-rclcase assays (4). 



Utrai pS3 Hxmnbmams, The derivation of parental canarypox 
virus and canarypox virus p53 recombinants expressing Hu p?!.^ 
without (WT) or with muutions at residue 175 (R lo H) or 27A 
(R to H) has been previously described (5). $aos-2 targets wvfc 
labeled widi ^'Cr and infected with parenol and nrcombinant ca- 
narypox viruses at an infecrinus dose of 20 PFU/ccH. Ceils were 
washed after 1 h and incubated for another 3-h period before 
respondcr CTLs were added for a 3-li ''Cr-release acay (4). l<.c- 
combinant vaccinia viruses (rW) which amiaui minigcnes enctnl- 
ing cidier p53.U9-157 (rW-ESl49) or p53.264-272 (rVV- 
ES264) dowrettream of die ER insertion sequence of £19 (26). and 
rW-VPbl6 that expresses die gpl6() gene of HIV type I (27), . 
were provided by Drs. Jack Bennink and Jonathan Yewdell (Nj- 
donal Insritute of Allergy and Infectious l>iseases. Dcdicsda, MO). 

Ptottithn cfTutrwf Crouch in Al/K^^Tj^ Mlcr. A2/K**-Tg niicc 
were either noniinniunizcd or immunized intravenously with 5 X 
1(J* PFU of rVV-ES149, rVV-ES264, or rVV-VPEI 6. 2 wk bra, 
mice were challenged subcutaneously in die right flank with 5 X 
10* EA2I0* or EA2K*'.tp53 nimor cells. The siae of tunujrt 
determined by the formula (a^ X b/2), in which a defines the hor- \ 
izontal and A the vertical diameter of the tumor mass as deter- 
mined by calipers. Three mice were used for each expcrimciiial 
and control group. 

PHnficamn of 20$ Proteascnta. 20$ proteasomes were purified - 
from Hu Tl ccUs by standard procedure? (28-31). Cell pellets 
were lyscd in lysis buffer (80 mM KAc. 5 raM MgAcj, 10 mlVl 
Hcpcs, pH 7.2, and 0.1% Triton X-lOO), douiKC homogenized, 
and spun at 40.000jr for 20 min. Supernatant was adsorbed to ' 
equilibrated DEAE-Scphacel (Ameisham Pharmacia Biotech, Pis- * 
cauway, NJ) for 45 min, unbound protein was removed widi 
wash buffer (80 mM KAc, 5 mM MgAc., and 10 mM Hepes. pH 
7.2), and bound protein was cluted (SOO.mM KAc. 5 mM MgAis, 
and 10 niM Hcpes, pH 7.2). The protein containing eluatc was 
concentrated by ultrafiitrarion, loaded on a 10-40% sucrose §^di- 
ent in wash buffer, and ultracentrifugcd (4<MHA) rounds/min in an 
SW40 Ti rotor for 15.5 h; Dcckman, FuUerton. CAJ. Gradient \ 
fractions containing 20S proteasomc complexes were identified 
by enzyme assays using fluorogenic substrate peptides, pooled, . 
and concentrated for chromatography on a MonoQ HR 5/5 an- 
ion exchange column (Amersham Pharmacia Biotech; cluent A 
100 mM KQ, 5 mM MgQi. and 10 mM Hepes. pH 7.2; eluent -.. 
B: 1 M KCI. 5 mM MgQi, and 10 niM Hepes, pH 7.2: linear 
gradient). The 20S proteasomes obtained were again identified by 
enzymatic activity and eluted as single peak upon rcchroinato- := 
graphy. Purity of 20S proteasomc prcpatatiom was >90% as as- ) 
sessed by Coomassie-siained PAGE geb. Two-dimensional gel..; 
dectrophoicsis revealed that al) detectable proteasomal subunits ^ 
were present ui 205 proteasomes purified from the Hu Tl cell line. =; 

In Vim Digestion of Polypeptide Substrates by Purified 20S fViwfo- ; 
somes and Reojfinition by CTLs, 20 >ig of synrfieric 27-mcr p53 ^ 
polypeptide substrates were incubated for die indicated perickk of 
time at 37*C with and widiout 1 p.g of purified 20S proteasomc ! 
in a total volume of 300 p.1 of assay buffer consisdng of 20 inM I 
Hepes-KOH. pH 7.8, 2 mM MgAc^, and I niM didiiothreitol f 
(28-31). 5*Cr-Iabeled T2 cells were pulsed for 30 min widi tie- | 
graded 27-mer peptide products at die indicated conccntratioiu ,i 
in senim-fixc RPMI 1640 medium supplemented vrith 5% vol/ | 
vol DSA and Hu microglobulin (Pjm) at 10 jtg/ml. CTL A2 | 
264 and CTL A2 14<* were used as effector cells a an E/T ratio ^ 
of 20:1 in a 6-h **C:r-release assay. | 
Peptide Attafysis by MS, 10 |jd of 205 proteasomc dcgrailed | 
pepddc digests were separated by a RP-HPLC SMART-System | 
equipped with a jiRPC C2/C18 SC 2.1/10 column (Amersham | 
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Phamucia Biotech) and duced with a gradient of 1 5-65% of e)u- 
cm B C70% acctonitrilc in 0.05% TFA) in elucm A (0.05% TFA) 
in 33 min at a flow ntc of 50 jii/uiin (2*^31). Mass analysis of 
peptides was perfonncd online by a tandem quadrupolc nuss 
spectrometer (TSQ 7000; Finnigan MAT, San Jose, CA) equipped 
with an electrospray ion source. Each scan was acquired over the 
range mass/chargp (m/z) 30(M15(I every 2 s (29-31). Peptides 
were identified by their molecular mass calcubtcd according to the 
mU peaks of single or multiple charged ions. Abundant peptides 
with signal intensities of at least threefold above background were 
sequenced by undcin MS (MS/MS) after fiagnKntation of the rel- 
evant pepddes with argon atoms (30). Pcpride .sequence, was deter- 
mined from the masses of the fragmented pepdde ions. 

HPLC Sqniration of Pmtssed Peptides, lieMijication by CTLs, and 
Sequence Aiialph cfAmij^enit Peptides by MS/MS. .50 ^1 ' of the 
bulk 20S proteasome degraded peptide products were separated 
by RP-HPLC into I- (50 jil) and 0.5- (25 pJ) min fractions (30). 
5'Cr-hbclcd T2 target cells were pulsed for 40 min with half of 
each of the HHLC fractions m serum-frcc RPMI J 640 medium 
supplemented with 5% vol/ vol BSA and Hu p^m at 10 ^nd. 
CTL A2 264 were used as effector cells at an E/T ratio of 20:1 in 
a 6-h ^*Cr-releasc assay. The andgpnic HPLC fracdons were 
dried and rcsuspcndcd in 50% methanol/ 1% acedc acid. Anti- 
genic peptides present in the pooled HPLC fractions were identi- 
fied by coeludon of synthetic peptides and sequenced by MS/MS 
(30). Ions of m/z corresponding tojhe relevant double proto- 
nated pepddes were fragmented by argon atoiiis. Collision-acti- 
vated dissociation fragments of relevant nt/z and derived from the 
pooled antigenic HPtC fractions were compared with those ob- 
uined afrer argun atom-mediated fragnicntauon of the cone-. 
sponding synthetic pepddes: • . . 

Extraction of Natural Prpiida Jrom Class I MHC Molecules, Ad- 
herent Saos-2/l43 p53 transfectants were grown at '^JO' cells/ 
flask: CeUs were washed twice with HBSS. and class 1 MHC- 
boiind peptides were extracted by exposing cells for 1 min in 5 ml 
of buffer consisting of 0.13 M citric acid and 0.061 M NaiHPO^ 
at pH 3.0 (32-34). Cells were washed twice in RPMI 1640 and 
recultured in complete medium. Extracts were spun -and the 
tide containing supetnatant was frx>zen. This procedure was re- 
peated, every other day for 3 wk to collect pepdde extracts from 
the equivalent of 1.2 X 10' Saos-2/ 143 cells. Extracts were 
.thawed, pooled, and loaded on.C*t8 spice cartridges (Analtech, 
Inc., Newark, D£) that had been' washed with 4 ml each of meth- 
anol and HfC). Cartridges were again washed with H^O (10 ml) and- 
peptides were eluced with 4 ml of 0.1% vol/ vol TFA in acetoni- 
trilc. The pepdde containing eluate was vacuum dried, rcsus- 
pended in H3O, and cleared of debris by centrifugarion. The su- 
pcmaunt was filtered through Centricon- 10 (Amicon. Beveriy,. 
MA)» and the resultant pepdde extract was ag^in vacuum dried. 

HPLC Separation of Natural Peptide Extracts and Reeansiitution of 
CTL Lysis. 1 ml of resuspended natural peptide extract or 1 00 
pniol of eidier die p53.264-272 or dtc p53.260-272 synthetic 
peptides were separated by RP-HPLC at a flow rate of 50 jil/ 
min and cliited with a gradient of 20% of cluent B (70% acetoni- 
trile in 0.05% TFA) in cluent A, (0.05% TFA) in 32 min, a gradi- 
ent of 20-^8% of cluent B in ehient A in 74 min, and a gradient 
of 48-95% of eluent B in eluent A in 4 min. HPLC fhcdons. 
were coDected from 32 to 76 min (fi^ctiom 1-11:4 min fractions 
at 200 |il/fracQon) and from 76 min onwards (fractions 12-48: 1 
min fractions at .SO fU/fraction). **Cr-labclcd T2 target cells were 
pulsed for 40 min in scmm-free RPMI 1640 medium supple- 
mented widi 5% vol/vol bSA and Hu P^m at 10 ftg/nd widi 100 ^ 
(fractioas 4-11) or 25 Jil (fractions 12-44) of fracrioas derived 
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from the HPLC separation of the natural peptide extract. The 
cormponding volumes of firactions derived from the HPLC sepa- 
rations of synthetic p53.264-272 and p53.260-272 peptides and 
used to puke T2 targets were 8 (fractions 4-11) and 2 pJ (frac- 
tions 12-44). CTL A2 264 were used as effector ceUs at an E/T 
of 2(hl in a 5.5-h **Cr-rclease assay. Antigenic fractions obtained 
from the HPLC-scparated natural peptide extract were pooled 
and half of the pooled natural peptides was used for rechromatog- 
raphy by lU'-HPLC. HPLC conditions remained almost die 
same, yet 0.5-m5n fractions were collected from 56 min onwards 
(finctioiis 10-44 at 25 pJ/fraction). The amount of synthetic 
p53.264-272 and p53.260-272 peptideri used for the second 
HPLC separations was 60 pniol. *'Cr-labclcd T2 target cells were 
again pulsed for 40 min under serum-free conditions with 18 pX 
of fiacdops 10-32 derived from the rechronutography of the 
pooled antigenic naturd HPLC fractions. The corresponding vol- 
umes of fractions dcnvcd fix>m the HPLC separations of the syn- 
dietic p53.264-272 and p.53.260-272 peptides and used to pulse T2 
targets were 2 p.1 (fractions 8. 19, 20, 29) and 0.02 )il, 0.2 (U^and 
2 |jd (tractions 9-18 and 21-28), respectively. CTL A2 264 were 
used as cffcaor ccDs at an E/T of 13;l in a 6-h ^iCr-rclcasc assay. 



Results and Discussion 

. Taixet Cells Expressing a p53 Mutational HoUpot at Residue 
273 Are Not Rectfstiized by CTLs Specific for the Flanking 
Epitope 264^212. The p53-deficient Sao^2 tumor cell 
line transfcctcd with a Hu p53 gene cxprc«ing the R to H 
hoc spot mutation at atnino acid residue 273 .was. not sus- 
ceptible to lysis by CTL A2 264 specific for the flanking 
peptide 264-272 (Fig. 1/4). This contrasted with the suc- 
cessful recognition and lysis of cells transfected with Hu 
p53 genes expressing mutations at amino acid positions 143 
f)r 175 (Fig. 1 All three p53 transifectanK were killed by 
CTLs specific for CTL A2 149, indicating that other 
epitopes of the protein were being processed and presented 
by the A*()2ai molecule (Fig. 1 fl). Furthermore, as dem- 
onstrated in Fig. 1, C and D, Saos-2 cells infected with ca- 
narypox virus rccombiiunts expressing Hu p53 with or 
without mutation at residue 175 were recognized by either 
CTL, whereas cells infected with a canarypox virus p53 re- 
combinant expressing the 273 R to H mutation were lysed 
only by CTL A2 149 and not by CTL A2 264. Taken to- 
gether, these results suggested that the R to H mucarioQ at 
position 273 of the p53 protein may have prevented fo.nna- 
tion of the 264-272 peptide epitope, 

Acqiit^tion of the R to H Mutatiori at Residtte 273 Promotes 
Tumor Growth hi Vivo by Escape from Immune Recognition. 
To determine if tumors that express Hu p53 harboring the 
R to H mutation at residue 273 would be resistant to 
growth inhibition by A*0201 -restricted CTLs specific for 
p53.264-272, A2/K^-Tg mice were immunized widi rW 
strairis containing minigcncs encoding the sequence of 
eidier the Hu p53.149-157 (rW-ES149) or the Hu 
p53.264-272 peptide (rVV-£$264): Control mice eidier 
received no vaccination or were immunized with rW en- 
coding the HIV type 1 envelope protein gpl60 (rW- 
VE*E16). 2 wk later, mice were challenged widi syngeneic 
EA2K^ or EA2KMp53 transfectants. the latter of which 



i' 



"J 2 OS 01 



A2264 



5 



Figure t. CdU cxpre&sing Hu p53 rfut 
contains an \K to H niuucion at miduc 27.\ 
are rcitiscanc to hfsit by A*020l-rrim«i*»| 
CTLj- specific for the (bjiking pcptidr 
epitope p53.264-272. A^OZOI-nattriacd 
CTL lines specific for peptide epicopM 
P63.264-272 (A2 264) {A and Q and 
p53.149-l57 (A2 149) (fl and D) wltc 
tested Tor cytotoxicity at the indicated E/T 
ratios in S-h and £) and 3-h (panel 
M\d O) ^*Cr-release assays. Targets in A and 
/) were p53 deficient Siios-2 celb (O). and 
the same celb transfccted with Hu p3.1 
genes hatboring niucations at residue ^A^ 
(V to A) (•). 175 (R to H) (A), and 273 (K to H) (A). Targets in C and D were Saos-2 celb (O), die taine ceUs infected with canarypox virus recombi- 
rianis cxpresjting Hu pS3 without {•) or widi mutations at residue 175 (K to H) (A) and 273 {R to H) (A), and Saos-2 celb infected with the parental 
canarypox vims O- 







express the R to H mutation at residue 273 of Hu p53. 
Preimmunization with rW-ES 149 speciticaily prevented 
growth of EA2K**.l p53 tumon, whereas vaccination With 
rW-ES264 did not (Fig. 2). Vaccination witK either vims 
led to equivalent priming of CTLs specific for the respec- 
tive peptide (data not shovm). Tumors that eventually grew 
out in rW-ESl49 preimmunized mice were found to have 
lost expression of Hii pS3 protein (35). EA2K**.lp53-derived 
tumors in untreated orrVY-VPE16-^accinated A2/K''-Tg 
mice progressed with the same growth rate as in rW-ES264- 
imihunized animals (35); Tumor growth of the parental 
EA2K^ ceUs, which express only low levels of murine WT 
p53 (8), was noc prevented by either vaccination (35). 
These results indicate that tumors harboring the R to H 
mutation at residue 273 of the Hu p53 protein are able to 
selectively escape recognition in vivo by CTLs specific for 
the Banking peptide 2(>4-272, 

Peptides Derived jrom 20S Proteasome Degradation of the 
SynOietic il-mer Polypeptide pi3. 256-282 Carrying an R to 
H Mutation at Raidue 273 Are Not Recognized: by CTL A2 
.264: In several reports, it has been demonstrated that the 
proteasome system represents a major source for the gener- 
ation of MHC class I ligands (14-16, 28, 36). As demon- 
strated previously, degradation of p53 is dependent on pro- 
tcasomal' processing (17-20)/ Accordingly /one mechanism 
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Figure 2l Immunization of 
A2yK**-Tg mice with the 
p53.264-272 epitope does not 
prevent growth of tuntor celh 
expressing both A^Oail/K** and 
Ilu p53 containing an K to H 
mutation at residue '273. A2/ 
K^-Tg mice were immunized 
intravenously with 5 X 10^ PFU 
rtf rVV.ESI49 (O) or rVV- 
bS264 (•}. 2 wk hter (day 0), 
mice were challeni^eJ mbcuune- 
ousiy in the right flank with S X 10^ EA2KKlpS3 (273 R to H) tumor 
celli. Nontreatcd or rVV-V1'£lfr-vacdnated (encoding the HIV type 1 
envelope protein gpl6()) A2/K*'-Tj{ mice behaved the $amc as rVV- 
ES2('»i-jmmunized aninuli'. tumon appeared on day 10 after challenge 
and prt>gretscd with the same growth rate. These negative controb are 
not shown (or clanty. 
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that could interfere with the availability of the 264-272 
epitope would be the inability of the proteasome to- pro- 
duce diis peptide from the 273 R to H mutant p53. This 
could arise if the COOH-terminal cleavage site of the 264- 
272 epitope >was abrogated by the change from R to H at the 
epitope flanking residue 273. To test this hypothesis, syn- 
th(;tic 27-mer p53 peptides spanning residues 256-2H2 and' 
containing die 264-272 epitope flanked by cidier the WT 
or mutant residue at position 273 were used as substtattrs 
for in vitro digesriori by purified 20S proteasomes. T2 Ur- 
get cells that express predoniinandy empty A*020l mole- 
cules (24) were pulsed with the peptide digests and tested 
for recognition by CTL A2 264. Substantial lysis of T2 tar- 
gets was observed v^en cells were pulsed with peptides 
derived from the 20S proteasomc-degraded WT 27-mer, 
but not with those derived from degraded mutant 27-mer 
(F^. 3). Recognidon of the synthetic 9-mer p53.264-272 
epitope as compared. with the WT p53.256-282 peptide 
digest was 2.4 logs more efficient (2.3-2,7 logs as compared 
with three independent WT 27-mer peptide digests), sug- 



Figure 3. Peptide products 
derived front in vitro 20S pn>- 
teatomc degradation of die syii* 
ihetic 27-mcr. . polypeptide 
p55^6^2S2 caxrying an R to H 
mutation at residue 273 are not 
recognized by CTU specific for 
the nonameric p53.264-272 
peptide epitope. Synthetic 27-mer 
polypepdde substrates spanning 
residues 25r»-2A2 of WT 
(TLROSSCNLLCRJMSFEVRV- 
CAC:PCRDR) or mutant (273 R to W) p53 were incubated for 24 h with 
and without purified 20S proteasome. ^'C:r--labeled T2 cells were pulsed 
under serunv-fiee conditions with the indicated concentrations of WT 
27'meT products that had been incubated with (9) and without (O) 21LS 
proteasome. muont 27-mcr products that had been incubated widt (A) 
and without (A) 20S proteasome, the synthetic p53.264-272 peptide 
epitope (■)» or no peptide (□). A*0201-nrstriCTed CTLs specific for thi* 
p53.2fr4-272 peptide epitope werr used as effector ccHs at an E/T ntio of 
21): 1 in a 6-h ^'Cr-relcase assvy. Peptide concentration is given as thi' 
equivalent of the input conrentntion of 27-nier polypeptide subsirau^ 
before prtxeasonal degradation (nM ef). Peptide^pulsed T2 targets wcrv 
not lysed by CTLs specific for the umebted p53.l49-l57 peptide (data 
nut shown). 
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gesting that the 264-272 epitope did not represent an 
abundant product generated firam the WT 27-mer by the 
20S proteasome. The selective recognition of WT as op- 
posed to mutant 27-mer peptide digests by CTL A2 264 
was dependent on degradation by the 20S proteasome as 
no lysis was detectable when WT and mutant 27-mer pep- 
tides were incubated in the absence of the 20S proteasome. 
Kinetic studies revealed that WT degradation products rec- 
ognized by T cells became detectable after 1 and 2 h of in- 
cubation of the polypeptide with purified 20S proteasome 
(Fig. 4, A and ^» reached a peak of activity after a period 
of between 5 and 8 h of proteasomal cleavage (Fig. 4, C 
and D)» and could still be observed after 27 h of protea- 
some incubation (data not shown). These results indicate 
that the R to H mutational change at residue 273 affected . 
the ability of the: proteasome to release an antigenic peptide 
from the 27-mcr that could be recognized by Cl'L A2 264.. 

Tht p53 Mutation at Residue 273 Abrogates the Ihoteasomal 
Ckawtge Site betiveen p53 Residues 272 and 273. To prove 
diat the COOH-temiinal cleavage site of the 264-272 
epitope has indeed been abrogated by the change from R to 
H at flanking residue 273. die 20S proteasomc-degraded 
(24-h) WT and mutant p53.256-282 peptide products were 
separated by RP-HPLC, abundant masses were identified 
online by MS, and the sequence of abundant peptides was 
confinned by MS/MS. The majority of die dominant 
cleavage products generated by the 20S proceasome from the . 
WT and mutant. 27-mer polypeptides >yere cpmparable in 
sequence and quantity {Rg. 5. A and B). However, widiin 
the range of signal intensities of at least threefold above back- 
ground, only two peptides, 260-272 and 256-272, both 
of which contained the COOH-terminal residue 272 of 
the CrrL epitope 264-272, were, observed (Fig. 5 A). Nota- 
bly, the relative signal intensities * of peptides 260-272 and. 
256-272 were found to be 14- and 2()-fbld higher, respec- 
tively, within the WT as opposed to the miitant peptide, 
digests (Fig 5, C and D, panels 2 and 3). The differential 
dctectobilicy of these peptides within die WT as oppo.<;ed to 
the mutant 27-mer peptide digests was not due to differ-, 
ences in the efficiency of proteasomal degradation of either 
polypeptide. In general, the cflScicncy of 2QS protcasome- 
induced degradation of either 27-mer peptide was >95% 
(Fig. 5, C and D, panel 4). Also, comparable amounts (rela- 



tive signal intensity: twofold more in mutant verstu WT) of 
the peptide 266-275, which did not use die relevant cleav- 
age site between residues 272 and 273. were generated from 
the WT and mutant 27-mer (Fig. 5, C and D, panel /). 

These results indicate that the p53 R to H mutation at 
residue 273 retards proteolytic cleavage by the 20S protea- 
some between residues 272 and 273. However, we could 
not delect the peptide representing the CTL epitope 264- 

272. The proteolytic generation of the 264-272 epitope 
from the WT 27-mer at a quantity below the threshold of 
detectability by MS could have been responsible for such 
hck of detection, even though the bulk WT 27-mcr degra- 
dation products had been recognized by CTL A2 264. The 
observation that the 266-275 peptide was an abundant pro- 
teasomal cleavage product of both the WT and mutant 27- 
mcr substrate would support this interpretation, as the re- 
lease of diis peptide would interfere with the generation of 
the 264r272 CTL epitope (Fig. 5). However, it could also 
be possible that die peptide 260-272, which used the 
COOH-terminal cleavage site between residuq 272 and 

273, represents a precursor peptide that is subsequendy 
trinuned in the cytosol or the ER to the size of the optimal 
antigenic CTL epitope 264-272. Postprotexwmal trim- 
ming of die NH2 terminus of precursor peptides has been 
observed previously (31, 37-40). 

The p53. 264-272 CTL Epitope Is Generated by Proteaso- 
mal Degradation of the WT as Opposed to the Mutant 27'mcr 
Polypeptide Substrate. To improve the sensitivity of detec- 
tion of the 264-272 peptide, the proteasome degraded 
peptide products (24-h) were fractionated by RP-HPLC. 
T2 targets were sensitized with the individual HPLC frac- 
tions and tested for recognition by CTL A2 264. Only T2 
cells that had been pulsed with fractions ,24, 25, and 26 of 
the WT 27-mer peptide digests were recognized by CTL 
A2 264 (Fig. 6, A and B). The retention time of fraction 24 
was matched by that of the syndietic 264-272 peptide (dau 
not shown). WT fractions 24 and 25 were pooled and 
tested for the presence of die 264-272 peptide by MlS/MS. 
Identical collision-activated dissociation fra^ents of ions 
corresponding to the double protonated 264-272 peptide 
were detected in the pooled WT fractions 24 and ZS, and 
the synthetic 264-272 peptide (Fig. 6. C and D). The rele- 
vant collision-activated dissociation fragments were absent 



8: 



I 

g 



3OD0 1600 360 100 



B 

2h 



« 2S 
1^ 



Figure 4. Kinetioi nf 2()S proKasomJ degra- 
dation of WT and mutant 27-mcr p53 polypep- 
tide Hibstntes. WT and muttm p.'i3.256-282 
peptide substrates were incubated for t 2 
(B). S (C), and 8 (Z3) b witli and widiout puri- 
6ed 20S proteasome. *'Cr-labcIed T2 cells were 
pulsed under senun-frcc conditions with the in- 
dicated concentrations of WT 27-mer products 
that had been incubated widi (•) and without 
(O) 2WS protcasonic. and mutant 27-mcr prod- 
ucts that had been incubated with (A) and with- 
out (A) 20S protcasome. Material derived from 

the incubation of 20S proteasome in the absence of any polypeptide substrate scived as another negative control (□). crPL A2 264 were used as effector 
cclh at an E/T ntio of 20:1 in a 6-h *'Cr-release assay. Peptide concentration is given as the equivalent of the input concentration of 27-mer polypeptide 
substrates before proteasomal degradation {iiM eq). 
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0 Figure 5. The p53 hoopoi 

inuQiion at residue 273 (l< cp H) 
mtrtant pSX256^ abrogates the proteasonul cleav- 

age site becwccn p53 residuc% 
272 aiid 273. Uulk peptide prod- 
ucts derived after 24 b fruiii 21 fS 
prott^some-niediatcti drgradi- 
lion of the synthetic WT {j^ and 
Q and mutant (273 K to H) {h 
and 0) 27-i)ier polypeptides 
pS3.256*282 covering du- 
A*(J2l)l-rcttrictcd CTL cpitopi- 
p53.264-272 (UGRNSFEV) 
were separated by RP-HKC 
and analyzed onUne by MS. 
Abundant peptide products 
were seqoencrd by MS/MS. 
dcavajfc pruducts with st^^ial 
intensitir} of at least threeifbld 
above backj^und and idenit- 
ficd by nM» (MS) and sequence 
(MS/ MS) an: shown in desceml- 
mg order according to their sig- 
nal intensities {A ind B, biaU 
baa). The amino acid sequence 
of WT (4) and mutant (L) pep- 
tide substrates with abundant 
{Lnge amwij and nonabundanr 
{stnail amtv^ cleavage sites is aka 
presented. The small broken ar- 
row {A) rcprusenes the theoreti- 
cal NH^-tcnninal cleavage site of 
the nonamciic CTL cpitopc 
2r>4-272. The quantitative conv 
parisoD of some of the rclevani 
VXrr (Q aiid inuunt (IJ) cleav- 
age products b shown by their 
elution profiles and relative sig- 
nal intensities as measured by the 
ion current of double protonated 
peptide ions. As denionstiated 
in C and D, peptide 266-275 

6neM>l£tR64 ntetofimeMPlCOm) (CJkNSFEV-A^VQ repre- 

sents a dominant product that in- 
terferes with die fomution of the 264-272 CTL epitope (panel I). The WT p53 peptides 260-272 (SSGNLLGKNSFHV) and 256-272 (TI-EDSSCN- 
LLGRNSFEV) use die COOH-terminaJ dcavage site of the minimal CTL epitope 2fi4-272 betwetai WT residues 272 and 273 (pancb 2 and J). Pand -t 
shows die unclcavcd WT and mutant 27-mcr substrate peptides left after proteasonul degradation and used for adjusting the scale (perccnogc of relative 
intensity). E^iel 5 gives die total ion current of the bulk proteasomal degradatinn products. 
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in pooled WT fractions 22 and 23, and in pooled mutant 
fracdoas 22 and 23. and 24 and 25 (data not shown). These 
results indicate that the p53.264-272 CTL epitope had 
been generated direcdy from the WT 27-mer .by the 20S 
proteasome. Its low abundance is not unique, but a prop- 
erty shared with immunodominant nonameric CTL cpi- 
. topes detected in 20S proteasome in vitro digests (30, 41- 
45). CTL assays of p53-dcficient Saos-2 cells infected with 
rVV expressing minigcnes encoding cither the 149-157 or 
the 264^272 peptide without an ER insertion sequence re- 
vealed that the 264-272 peptide is efficiently tramlocated 
into the Ell (Theobald. M., and LJL Sherman, unpub- 
lished observation). These findings demonstrate that the 
p53 hotspot mutation from R to H at residue 273 prevents 
the 20S protcasome-mediated COOH-terminal cleavage 
of the flanking peptide 264-272 and its subsequent presen- 
udonbyA*0201. 



The more abundant flanking peptide 256-272 eluted in 
WT fraction 26, which was recognized poorly by CTL A2 
264 (Hgs, 5 A and 6 A), making it unlikely co be an inde- 
pendent CTL epitope. However, it is ofintercst that due to 
the HPLC conditions used, the. other abundant flanlung 
peptide 260-272 (Fig, 5 /4) was identified by MS/MS to be 
present in the pooled WT fractions 24 and 25 (daU not 
shown). However, the A*0201 -binding affinity of die 
longer pepride 260-272 was 2.5-fold lower than that of the 
9-mer 264-272, and it was found to be recognized 30- 
1 00-fold less efFiciendy by CTL A2 264 (data not shown). 
These results favor the view that 260-272 may represent a 
prccunor pepride that is eventually trimmed in the cytosol 
or the ER to the 9-mer rather than functioning as an inde- 
pendent CTL epitope. . 

Ue Hu WT p53.264-272 Peptide Js the Natural Epiiopv 
Presented by A* 0201 and Recognized by CTL A2 264, To 
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Figun fr. Ilic p53.264^272 
crrt epitope is grnented by pro- 
tcosonul degFulation of thr WT 
2S opposed CO the mutant 27-nieff 
p53.256-2«2 polypeptide sub- 
strate. Bulk 2US protcasonic- 
de^aded (24-h) WT and muQiic 
27-nicr peptide products were 
fractir>iutcd by RP-HHLC "'Cr. 
bbdcd '12 target cells were 
pulsed for 40 min under serum- 
free condiiioRS with half of each 
of the WT and niutont HI>LC 
fractions and tested for susccpd- 
bmty to lysis by CTL A2 264 at 
an E/T ratio of 2(>:l in a 6-h 
i»Cr-fdcasc assay. The HPLC 
profile (absoibance: — ) and the 
specific lysis {^liadrd tohittms) of T2 
targets sensitixed with individual 
WT {A} and niuiant (fl) HIM-C 
fractions is shown. WT fractions 
24 and 25 were pooled and tested 
by MS/MS for dctcccioQ of die 
p53.2M-272 (LLGRNSFEV) 
peptide epitope, loiu of w/z = 
317.2 contsponding to the dou- 
ble pzotonated 264-272 9-mer 
peptide were fiai;mentcd by ar- 
gon atoms. CoUisbD-acdvated 
dissociatiun fragnients of m/x 
S17.2 and derived from the 
pouted WT fractions 24 and 25 
(C) were compm'd with chose 
obtained after axgon atom-medi- 
ated fb^nenation of the syn- 
dictic 264-272 peptide (I^. In 
paiticubr, frat^uents.bS, b7, and 
b6. lackinit the COOH-temiinal 
residues V. E. and F. respectively, 
were detectable in both the 
pooled WT fractions 24 and 25 
(Q and the synthetic 264-272 
y-mer pcpddc m. 



identify the natural peptide epitope presented by A*0201 
and recognized by CTL A2 264, peptides were extracted 
from class I MHC molecules of Saos-2/143 p53 ttatisfcc- 
tants. As. the 9-mer (264-272) and 13-mer (260-272) p53 
pepddes had an almost identical rctencion time under the 
HPLC conditions used for purifying the 20S protcasomal 
peptide digests, a shallower eluDon gradient was applied for 
die RP-HPLC fracdonadon of natural pepdde extracts as 
weU as synthetic 9-nier and 13*mer pepddes. The pool of 
natural pepddes extracted from Saos-2/143 celk was chro- 
matographed by HPLC and 4-min fracdons collected and 
assayed To obuin final resoludon, andgenic fracdons 7 
and 8 were pooled and half of the pool was rechromato- 
graphed. At the relevant retendon time, 0.5 min fractioa^ 
were collected in order to discriminate between the 264- 
272 and the 260-272 peptides. T2 cells sensitized widi in- 
dividual HPLC fractions served as targets for CTL A2 264. 
As shown in Fig. 7 A, the peak of CTL activity obuined 
after rechromatography of firactions 7/8 and derived from 
the natural peptide extract detected in fraction 12. This 



HPLC fraction had the same conductivity and retention 
time as compared with the antigenic fractions (12 and 13) 
derived fix)m the HPLC separation of the synthetic 264- 
272 9-mer peptide (Fig. 7 B). in contrast, the antigenic ac- 
tivity of the syndietic 260-272 13-mer peptide eliited in 
fraction 24 and its retention time dificred from the 264- 
272 peptide by .6 min under the conditions used for re- 
chromatogiaphy (Fig. 7 Q. The lower amount of lysw ob- 
tained with fraction 24 of the synthetic 260-272 peptide 
again indicated less efficient crossrecugnition by CTL A2 
264. Pulsing T2 targets with a 10-fold hi^er amount (2 jlI) 
of fraction 24 of the synthetic 260-272 peptide resulted in 
a substantial increase of lysis (100% specific lysis by CTL A2 
26; (data not shown). However, as litdc as 0.02 \jA of eidier 
fraction 12 or 13 of the syndietic 264-272 peptide was suf- 
ficient to detect substantial lysis (fractions 12 and 13: 50 and 
61% specific lysis, respectively) of pepdde-pulsed T2 cells 
by CTL A2 264 (data not shown). No antigenic activity 
could be observed with fraction 24 after rechromatography 
of the natunl peptide extract (Fig. 7 A)* These results indi- 
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Figure 7. The Hu Wr p53.264-272 
pcpddc is the natural epitope prewnccJ 
by A*U20I for recognition by CTL A3 
264. Natural pepridn.were rxtnocil 
from class I moleailn of Saos-2/M3 
p53 tramfenants. S/nthetic pS3.2M* 
272 and 26f>-272 pc^ptidcs and the nacu. 
n\ peptide extract wcrt fraciioiuted {iy 
IU>-HHLC. Individiot HHLC fraccinnN 
were used to sensidze T2 tugeo and tn 
reconstituie lysis hy CTL A2 264. T\vi> 
antigenic I IPLC rractions obuinrd &oni 
the natural peptide extract had an almou 
identical rrtcmion time and conductiv- 
ity as compared with those antigenic 
HI'LCI fractions derived from the syiw 
thetic p53.264-272 and p53.26(V-272 
peptides. As 4-min HPLC fracrioiix 
were collected at die relevant rrtendon 
time, the peak of CTL activity occunvit 
in almost identical HPLC fractions al- 
thoiigb die retention dme of the syii- 
theric p53.264-272 and p53.2fU)-272 
peprido differed frAm each other by 
min. To separate either pepdde from 
one another and idendfy the natural an- 
tigenic pepdde. half of the pooled anti- 
genic firacDora of the HPLC-scparated 
natural pepdde extract (4) as well as (4\ 
pmol uf synlhcbc 264-272 {B^ and 26(>- 
272 (C) pepddes were used for rcchro- 
nutography by RI>-HPL(L HPLC: con- 
didons remained almost the same, yet 
05-min fiacdons (25 Mi/fracdon) were 
collected at the relcvam recendon dme 
in order to discriminate between the 
264-272 and die 260-272 pepndes. 
^'Cr-labded T2 cells were pulsed 
for 40 min under serum-&ce condidon^ 
with individual HPLC fracdora (frar- 
tions derived from die rechmmatogra- 
phy of natural pepddes: IB (U: fracdous 
H. 19. 2(). and 29 derived from synthcdc 
pS3 pepddes: 2 pJ; fractions 9-18 anil 
21-28 derived from lyniheiic pS3 pep- 
tides: 0.02 111, 0.2 fii and 2 |tl) and 
tested for susceptibility to lysis by CTL 
A2 264 at an E/T of t3:t in a 6-h "Cr- 
rtlease assay. The HPLC proftic (absor- 
bancc: — ) {A: first HPLC separation of 
natural peptide extracts) and the ^ccific 
lysis {tluded (otunitts) of T2 argets sensi- 
died wid) individtual HPLC fractions 
obtained from die rechromatography of natural pepddes {A), 2 \ii (fractions 19. 20. and 29), and |l) (fractions 9-18 and 21-28) of HPLC fractions 
obtained from the synthetic p53.264-272 (fl) and p53.2M)-272 (Q peptides Is shown. 
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cate that riic Hu WT p53.264-272 as opposed to the longer 
260-272 peptide is tbc natural epitope presented by A*0201 
and recognized by CTL A2 264. However, as the 13-mer 
260-272 (and the 17-mer 256-272) pepiide(s) are the more 
abundant products released gx>m the WT p53 sequence by 
the 20s proceasome (Fig, 5, A and it is possible that 
these peptides undergo NHj-tenninal trimniing b the cyto- 
sol or ER (37-40) and represent precursor peptides that may 
thereby concribute substantially to the availability of the 
low-abundant WT p53 processing product 264-272 fiar its 
assembly with nascent A*0201 molecules in the ER. 



Several recent studies have focused on the mutadonal al- 
teration within a peptide epitope to demonstrate a way by 
which viruses can escape recognition by cpitope-specific 
CTLs (46-50). This is generally believed to involve peptide 
binding to the MHC class F molecule, or recognition by the 
TCR (46-50). However, in a recent rcpon it was shown 
that a mutadon within a viral peptide epitope affected the 
production of precursor peptides by proteasonial degradation 
through the introduction of a dominant new proteasomal 
cleavage site within the viral epitope (31). Ba^ on studies 
that evaluated the effect of synthetically altering residues 
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flanking a pq)tidc epitope on its proccning, it would be pre- 
dicted that point mutation outside of the epitope could also 
inicffere with its presentation (SO, 36, 44, 51-56). To our 
knowledge, our studies represent the fiist repon of such a 
naturally occurring mutation outside die epitope diat alters 
CTL recognidon of a flanking peptide. In fact, die sin^e 
mutarion described here interferes not only widi the protea- 
somal processing of putarivc precursor peptides, but also 
with the generation of the optimal CTL epitope itself. It is at 
present unclear why the K to H mutadon interferes with the 
COOH-terminal proteasomal cleavage. It is possible that a 
change in charge and size of the flanking residue influences 
die COOH-teiminal deavagc site used by the proteasome. 
However, as the possibility that a particular site will be pre- 
ferred for proteasomal cleavage is dependent on amino acid 
sequences within the epitope (31, 51), as well as on flanking 
residues both up- and downstream (30, 36, 44, 51-56), it b 
likely that the rules by which ligand generation is governed 
are more complex and not yet understood. 

Treatment of cells with lFN--y has been reported to alter 
the processing kinetics, quantity, and quality of MHC class 
l-bound peptide ligands by aflfecring the expression both of 
die IFN-T-indudble proteasomal subunits (LMP2, LMP7, 
and MECL-1) and die IFN-T^nducible PA28-a/p activa- 
tor complex (lis regulator) of the 20S proteasome (28, 29. 
41, 43, 57-69). Exposing Saos-2/273 ^ to H) p53 trans- 
fectants to IFN-^ (10 ng/ml for 20 h) resulted in an only 



partial rcconstitution of lysis by CTL A2 264 (20% specific 
lysis of nonprctrcated Saos-2/273 celts versus 31% specific 
lysis of IFN-y prctreatcd Saos-2/273 targets at an E/T of 
20:1) (Haussler, A., and M. Theobald, unpublished obser- 
vation). The molecular basis of this IFN-7-niediated partial 
reconstitudon of Saos-2/273 killing by CTL A2 264 on die 
level of both the proteasomal subunit composition (LMP2,- 
LMP7. and MECL-1) and die PA28 activator (1 IS regula- 
tor) expression is currendy under investigation. 

Based oil these results, it may be concluded not only that 
the p53 mutation at residue 273 is associated with malig- 
nant transformation, but that it can also affect CTL recog- 
nition in vitro and in vivo of tumor cells carrying this mu- 
tation. It is tempting to speculate that cells harboring this 
mutation may have a competitive edge for growth in 
A*0201* individuals by evading CTL recognition (70). 
Several other reports have shown that vaccination of mice 
with the intact p53 protein expressed in a viral vector or 
with p53 peptides puked onto dendritic cells can prevent 
growth in vivo of tumors expressing high levels of p53 (5, 
7). Furdiermore. recent studies have demonstrated the abil- 
ity of p53.264-272 epitope-specific Hu CTL to lyse squa- 
mous cancer cells (6). Thus, knowledge not only of the an- 
tigenic epitopes of p53, but also of the biological role of 
their sequence context and its modulation by fiequendy 
arising mutations may explain disease progression, and may 
assist in the design of efficacious cancer vaccines. 
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Chimeric peptides in which the optimal H-2f* mouse hepatitis viros nudeocapsid (pN) an^ " - ^ 
immunodeficiency viius type 1 (pl8) epitopes, separated 1^ 38, 7, or 2 amino adds, were eq^ressec^ 
siiffile open reading frame by using recombinant vacdnia viruses to analyze antigen processii^ oT | „ 
dass I-restricted epitopes. Recc^Uon of the carboxy-tennlnal D*-restricted pl8 epitope was indepesta^^ 
the amino^emdnal flanking residues, yy^nfarast, proximitv of tfie otrbyy^^ 
recognition of the amino^rm inal jKll^S^jil^^ mdrctlon offl 

pl8-auBd pN-spedfic anti^ qtotoxic T iympboQrtes, irrespective of the number of amino aads i 
the epitopes. 



cytotoxic T lymphocytes (CTL) recognize processed antigen 
in the form of 8- to lO-amino-add (aa) peptides in assodation 
with major histoccMOpatibility complex (MHC) dass I mole- 
cules (10, 18, 21). These peptides are general^ derived from 
antigens which are proteolytically degraded in the cytosol and 
tran^rted into the endoplasmic reticulum, where they assem- 
ble with dass I heavy chains and P2 microglobulin to form a 
stable tripartite complex which is transported to the pla^a 
membrane (11, 16, 21). Naturally processed dass I binding 
peptides are characterized by a sequence motif spedfic for the 
allelic variations within the cleft of individual class 1 heavy 
chains (18. 21). However, despite the presence of numerous 
peptides with potential binding motife in an antigen, CTL 
responses to only a very limited number of determinants are 
induced (2. 17. 28). Although the cytosol and the endoplasmic 
reticulum are sources for peptides (11), it is unclear whether 
dass I molecules assodate with mature peptides that have 
undergone deavage to the optimal epitope or assemble with 
larger precursor peptides, which are trimmed during or after 
assembly (21). The highly sdective cell surface presentation of 
individual peptides is regulated primarily by peptide-dass 1 
binding affinity (10, 11, 17. 28). However. accessibiUty to 
proteolysis and spedfidty of peptide tran^rter proteins 
provide additional limiting factors for peptide presentation (6, 
11,19.22). 

The primary role of residues within the CTL epitope for 
class I presentation has dearly been established (10, 13, 17, 28) 
and is supported by effidcnt presentation of endogenous 
epitopes lacking flanking sequences (2, 3, 8) or placed in the 
context of heterologpus or mutated flanking residues (S-7, 12, 
13, 27). The influ ence of fla^ 

i ng. bg wevKrrrem^^^'^ttffl^^ Alterattons4n4he.5 ,to^ JB 
resdu^ iocalized'£^ an optimal. epitopejoaay 

<aus(elJef©rtiye gie^Utioivas-demQnsti^ted by.the,reduc6d 
orJjnliMed^ -and.iC^rrestricted 
determinant (7, 8^ jlj).. 
Effident pr^^ing has implicationfi4br.both.the.outcome.0f 
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^ CTL response fc^Ul<wmg 
recombinjmt po$^aient vacSnes <»n^25;j 
gpit^pS' to' pirowdei proteSivc 
^r<rt>feinS ic6Bgriiing class r ahti^ST^*^" 

^en muifiple . epitppMf. are; M 

egito^jnay form flanking sequences deleterious to 
sentation of adjaoent epitopes. Sewndi this iifferai^ 
in^ rate of individusd; cl^, I mple^iUds XlX 
referential induction of CTL spe^c Jor the cptpi 
prlKentaTbxa i^^r^i^^ 

cSsiE^ of &e c^^^ maylfesult inthe fonna^ 

ooveT ^itop^ which may induce CTL tiiat do not «^ 
native anl;ke^^ 

"^o StaWKh a model for analysis of antigen presentadi 
CTL induction within the H-2f haplotype, we tested r- 
to two immunodoniMiant viral epitopes ^pressed as , 
peptides: one epitope comprises the Ir-restricted pl?;' 
quence from the gpl60 pfotein of human immunodefidei^^l 
virus type 1 (HIV-1) strain lUB (26); the second tpitap^:^ 
designated pN, is L** restricted an4 derived from the nucie^| 
capsid protein (JN) of the JHM ^rain of inouse hepatit^.vinfe, 
(MHV; 2). The optimal pep ti de s are^lQ-mer faa 318 to.^^!: 
pl8-10) withmtEeWeS^KjSISI^Se^^ 
p7il3r«:mrwrtKm tf^ p^ gEltoee X2),\Bolh cDitoD»%e>*l 

:effi^afjg^iz^3%^£3E?^ 
the^n^eriej(peptides,c£i^^ — 
ofn^ive flanking sequence (9 orJ£aa^^^ 

'mtivranffien 3£iX'^ . - jii^i^- 

the" iMuence ef epitope proximity on presentation. ow?^| 

investigated by using three minigenes expressing tandem P«^f 

tides in which the HIV pl8 and MHV pN epitopes 

separated by 38 (tan38)-, 7 (tan7)-, and 2 (tan2)-aa spacea^ 

(Fig. 1). Immediate flanking sequences of both epitofj^j^i^,^^ 

tan38 and tan7 are composed of native sequences (Jlg{^{^ 

however, the pl8-10 epitope in tan2 is directiy linked to natiw^^^ 

JN residues. Genes encoding tan38, tan7, and tan2 with ■ans.J 

initiation start codon and stop codons were doried into y^jj 

dnia virus (Vac) vectors pTMl (9) and pSCllss-derivedfr^^ 

(3). Homologous recombination with the wild-type Vac V 

strain as previously described (25) resulted in Vac recom^H;| 

nants vtan38, vlan7, and vtan2. The gene encoding tan38 was;.^^ 
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no. 1. Schematic of die minigenes and amino acid se^enc« of 
chimeric peptides. Minigenes a« tepRsented by barvJN^^ 
coding seq^SlcTare shaded, gpl60 is in black, and the v«:tw-d«w^ 
ooKfiinker is in white. Restriction site positiwis are shown » 
Se peptide sequence. Amino adds are in the one^letter code; the 
box5^ amino acids represent the optimal P^'^J^'^J'" ^ 
^ition. n« beginning and end of JN- and 6Pie^<»«>ved res.<h.« 
^^ked by theV>boU ' and respectively. numbwmg of 
amino acids identifies their position in the nawe protems. D««mk 
tions of the chimeric constructs indicate the lengths of mteivenmg 
flanking residues between the epitopes. 

assembled by sequential cloning of a 64^ ^SP>^\^"^ 
JN aa 310 to 328 and a 2i01>p fragment encoding h»160m^ 
to 348 into pTMl (9). The JN minigene was amplified by FCK 
as previously described (2). -^ih primer ol.gonud«>t.^ 
ONlOll (5'-ATA GGA TCC ATG GCA CAG JTC CCC 
ATT CTT GCA; nucleotides 1011 to 1026) and ON1427 
(5 • -TTA CX:C GGG CAC ATT AG A GTC ATC TTC TAA C; 
nucleotides 1427 to 1447), which contained A^col and Srml 
sites to introduce an ATG start codon and allow unidirecttona^ 
cloning. FoUovring digestion with Ncol and SauIIIA, »!» 
produrt was cloned into the Ncol-Bamia sites of pTMl to 
yield plasmid pTM60N. Hasmid pTMtan38 was obtamed by 
msertion of an XhoUSaa fragment encoding the gpieo V3 
loop (3) into the BammSaa sites of pTM60N. Mimgcne 
tan38 was excised from pTMtan38 with Ncol and Wmcll arid 
Ugated into the NcolSml sites of plasmid pK (3), resulUng in 
plasmid pKtan38. Construct 'an2 *^^8??!J?*t?J^*I^ 
cloning of complementary oligonucleotid«C»7 (5 ;GATCCA 
GAG GAC OCG GGA GAG CAT TTG TFA CAA TAT 
AGG and CBIO (5 -OCT ATA TTG TAA CAA ATG CTC 
TCC CGG GTC CTC TG) into the BamHl-Stul sites of 
plasmid pTM60N downstream of the pN epitope minigene. 
The resulting plasmid, pTMtan2, contained umque Smal site 
within the coding region of the pl8-10 epitope and a stop 
codon introdiked by the oligonucleotides. Construct pTMtan? 
was generated by insetting annealed oligonudeotidtt OB (5 
GAT CCA G AA TCC GTA TCC AGA GAG GAC CQ and 
CB9 (5' GGG TCC CCT CTG GAT ACG GAT TCT G) 
encoding the 7-aa spacer region into the BammSmal sitra of 
pTMtan2. Plasmids pKtan2 and pKtan7 were generated by 
subcloning the respective Ncol and Stul tan7 and tan2 frag- 
ments into the NtolSmal sites of plasmid pK. Sequences were 
confirmed by using pSCllss-spedfic primers as previously 
described (25). 




FIG. 2. Differential recognition of efAtma dmi^ TiS^t 
«>L chimeric peptides. J774.1 urgels (Aajrf B) wl^?^ 
cells (tf-2*) cxp^ngeitheriJ' (C) orL" (Py^P^^T^^"^. 
vSh either vtii38. vtan7. or vtanZ. Targets J'"^^ 
Tmants expressing either gpl60 (yPE16) ^'".^fj^ £ 
protein (>3n51) served as positive controls: >«<»^S^J^ 
Esduridda cdi lacZ gene)-iiifected targets «f«J^?^J?S,^^ 
?SSn of plSwJ tested wilhHpieOjsp^ 
diat (rf pN was tested wiUi JN-specific CTL (B and D)-^m*<J l^ws 
*eZLlfbrpaneUAand£LidpaneIsBandD Q^a*^ 
was measured iria4-h "a release ass^p^no«ilydesaaed(^^ 
Effector cells were added at the elfcctor/tatget «^ 
indicated. Tlie cytolytic activity shown is representative of dwe 
independent assays. 



The ability of the chimeric peptides to be processed for 
simult^eous presenUtion by 

molecules was assessed by uang J774.1 (H-2°) cells, la^ 
were infected with Vac recombinants vtan38, vtan7 and 
rum^glicityof 5,inc«batedfor l^]* at3ra ajj .^^^ 
recognition of the indWidual epitopes by both ^160 (F^ 
^TS (Fig. 2B)-spccific CTL in a "Cr release asay as 

were in vitio-restimulated cultures derived from BALBte puce 
immunized with either JHM or a Vac recombinant eaqiressipg 
Sl60 (VPE16) as previously described (2, 3). ^ nu^ro^ 
eroeriments, the pl8 epitope was recognized cquaUy weU by 
^6^^ Cn. Jependent of tiie ammo (N)«^ 
^eouencS(Fie. 2A). However, parallel analysis of tdeiitical 
S^^nSntlyihowed a lo^ of pN-spe«& reoogmdon 
with increased proximity to ^^>;^^jlf 
eoitope (Fig. 2B). To rule out a processing defect <»;prefer- 
eS Wnding of the chimeric precursor peptide to ff*^ a 
cause for decreased L''-restricted pr«entatioii 
L929 cells (/f-2*) expressing either L" (IC2a7) pr i>V(K8-30) 
Si molLlei^ tested. Figure 2C and » co«fim^ Ae 
consistently higher levels of pl8 recogmtion on and flie 
im^^^ presentation of the pN epitope on W targets when 
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FIG. 3. cytolytic activity of CTL from mice immunized with the 
Vac recombinant ej^yressing chimeric epitope tan3S. Polydonal CTL 
derived from mice immunized with vtan38 were restimtUated in vitro 
on either peptide pl8 (A) or pNBlS-SSS (B) and tested for recognition 
of exogenous (upper panels) and endogenous (lower panels) antigens. 
J774.1 target celb were coated with 1 i^M peptide pl8 or pN3l8-335 
for 15 min at 37t; prior to the addition of effectors or infected with 
Vac recombinants expressing gpl60 (vPE16)» a truncated JN protein 
(vJN51), or a heterologous protein {vSC8). E:T, effector/target cell 
ratio. 



derived from vtan7 or vtaii2. As the N-terminal sequences of 
the pN epitope were identical in all constructs (Fig. 1), reduced 
recc^itiOD can be attributed to either hindering C-terminal 
flanking residues introduced by the proximity of pN to pl8 in 
the tan2 and tan7 chimeras or shorter overall peptide length. 
Reduced stability of the shorter peptides, comprising 31 
(vtan2) and 36 (vtan7) aa» is unlikely to account for the 
incflBcient presentation because the pl8 epitope is presented 
efficiently in the identical taigets (Fig. 2A and B). In addition, 
no differences in recognition were observed for a variety of JN 
protein truncations containing the pN epitope (2). 

Efficient recognition is an insufficient criterion to ensure in 
vivo induction, as demonstrated by the failure of a minigene- 
encoded CTL epitojpe to induce antigen-specific CTL, despite 
its ability to sensitize targets (15). vtan38, which was efficient at 
sensitizing targets for lysis by both gpl60- and JN-spedfic CTL 
(Fig, 2), was tested for the ability to prime secondaiy in vitro 
JN- and gpieO-specific CTL Spleen cells from vtanSS-inunu^ 
nized mice were divided into three cultures and stimulated 
with either pl8, pN318-335, or both peptides. Effectors from 
each group were tested for recognition of J774.1 targets 
infected with Vac recombinants e3q>ressing either gpl60 
(vPE16) or a truncated JN protein (vJNSl; 2) and targets 
coated with either peptide. vtan38-induced CTL, resttmulated 
with the individual peptides, were spectfk: for the respective 
native antigens and corresponding peptides (Fig. 3A and B). 
Lysis of pN peptide-coated targets was consistently higher than 
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FIG. 4. cytolytic activity of CTL from mice immunized witfeya^v 
recombinants expressing chimeric epitope tanZ Polydonal Crt;<lb^ ',{-' 
rived from mice immunized with vtan2 were resttmulated in vitio.cais^* 
either peptide pl8 (A) or pN3 18-335 (B) and tested for lecognitki) (^f 
exogenous (upper panels) and endogenous (lower panels) ant^ensoe^ 
J774.1 target cells as described in the legend to Fig. 3. E:T, ^T^^ 
target cell ratio. 



that of targets sensitized with the endogenous JN epi^' 
suggesting that the endogenous concentration of the?;* 
epitope is limiting (Fig. 3B). vtan38-induced effector ci_^^ 
stimulated with both peptides recognized targets ^ressioj^^ 
both native antigens bMX not targets infected with a Iwetcrolo- 
gous Vac recombinant (data not shown): No differences were ;. 
detected between the activity of CTL derived from vtanSSi; 
immunized mice and that of CTL from mice immunizii(|v^ 
simuluneously with Vac recombinants expressing gpl60aa 281 • 
to 348 (vl8-76; 3) and JN aa 301 to 351 (vJN51; 2) individually : 
(data not shown). Furthermore, prior studies demonsmOcd ; ; 
that antigen-specific CTL were not primed in vitro by pepdcl^fi^v 
stimulation (data not shown). Therefore, expression of bo^.^ 
epitopes from a single gene was as effective as expresaon from 
the separate minigenes for CTL induction and the preseiKeclv; 
two immunodominant epitopes did not inhibit CTL priming to j. 
either epitope. V .^ 

JN-spedfic CTL recognized both H-T and L** targets in^= 
fected with vtan2 weakly compared with vtan38-infected cells 
(Rg. 2). Therefore, vtan2 was tested for priming of botbQjlfiO-: 
and JN-spedfic CTL. Efifector cells were divided and restimtir - 
lated in vitro with either peptide and tested for lysis of targets 
expressing the individual antigens or coated with peptide (Rg: 
4). As expected, the cytolytic activity of pl8-restimulated CTL 
(Fig. 4A) was comparable to that of vPE16-induced CTL (Kg;^, 
2). No recognition of pN-coated targets was detected. IJel^ 
activity of pN-restimulated effectors (Fig. 4B) was similaif'to^^ 
that of CTL from vtaii38 (Fig. 3B) and coimmunized mice; As 
noted above, the /.''-restricted response for the cytosolic JN 
epitope was consistently lower than the D^-restricted response 
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despite efficient recognition of pq>tide-coated cells. Although 
vtan2 was less efficient tfian vtan38 at sen»tizing targets for 
lysis by JN-spedfic CTL (Fig, 2), no significant differences in 
the CTL activities of in vitro-restimulated spleen cells from 
vtan2-, vtan7 (data not shown)-, or vtan38 (Fig. 3)-iimnuiiized 
mice were observed These results suggest that despite differ- 
ential recognition of individual epitopes in vitro, the linkage of 
distinct epitopes restricted to different dass I molecules can 
induce broad^ reactive CTL within a single haplotypc. Weak 
recognition in vitro does not necessarily correlate with a lade of 
CTL induction in vivo, consistent with results obtained by 
analysis of positional effects on dass I presentation of a murine 
cytomegalovirus epitope (7). However, CTL activity from 
secondary cultures is the most sensitive CFL detection system 
(4, 23) and often does not reflect biologically relevant levels of 
CTL memory required for a protective response (4, 7, 23). 
Cbmparison of the threshhold required for recognition in vitro 
versus CTL induction in vivo is not feasible, as the local 
MHC-peptide complex concentration on the surface of virus- 
infected tissues in vivo is difficult to estimate. In addition, CTL 
induction in vivo requires accessory adhesion molecules, whidi 
may significantly lower the threshhold of MHC-peptide com- 
plexes required for induction (14, 24). In contrast to our 
findings, failure to induce CTL despite highly effident recog- 
nition in vitro has also been described (15). These discrepan- 
des between antigenidty and immunogenidty may reflect 
additional requirements for CD4^ T-helper cells and/or the 
engagement of different subsets of antigen-presenting cells by 
the respective immunizing agent. 

Flanking sequences may be critical in class I Mtigen pre^n-^ 
taboii By hindering prmeb'l^S'S andjSf 'tons^^ 
mtb the endoplasmic reticulum and. thci^. hmiting.the. num? 
be? of potential antigenic dass I epitopes (6, 8, 19,^^. The 
pibmma location '"6r"tir^^ N-termmal MHV 

epitope did not interfere with presentation of the C-terminal 
HIV epitope, c onfirrning tha t alteredN4er©inal^^ 
seougnces, and^aJe^GS^^j^^ 
have no effect on i>^-restii0e4. presentatieo-in^wtm 
indiiction'in vivo. Conversely, C-tenninal sequences flanking 
ffieli^erminal MHV epitope exerted a negative effect on the 
effidency of presentation. Additional ana^ of a chimeric 
peptide containing the-epitppes in reverse order with a single- 
residue spacer, namely. th^^HIV epitope in the N-terroinal 
position and Afc Nfl^^sfpitopc in the C-terminal position 
(r^Gr^RAfVTV^P^AGAFFF) , demonstr ated hi^ 
effident rccogniti^^f ^e MHV tp^o s^_BJ^miU^^ 
l^^^vT^^'^lSl^i^teS* confirming preferential pre- 
^adon of the CtS^i epitope. Similar to other con- 
structs. CTL induction to both epit(^ was detected by using 
secondary stimulated cultures (data not shown). Consistent 
with previous reports, these results imply that processing of the 
C-terminal flanking residues is more selective than events at 
the N tenninus (8, 13). This study supports the relevance of 
flanking sequences for optimal presentation of proximal 
epitopes. The induction of CTL spwafic for both native MHV 
N protein and HIV gpl60 by chimeric peptides containing as 
little as one or two intervening residues supports the feasibility 
of a multi-T-cell epitope minigene approach to providing 
broad protective immunity. Direa correlation between in vitro 
effidency of recognition and in vivo CTL imhiction requires 
CTL frequency analysis. Potential formation of novel hybrid 
epitopes, documented for class n peptides (20% was not 
detected. This approach offers the advantage of selectively 
indudng heterogeneous CTL to epitopes from different pro- 
teins of a single pathogen and to epitopes from distinct virus 
strains, thereby minimizing escape via antigenic drift A single 



report cfcmonstiatcs the efficacy of this approach in ccHi^mig . . 
protective immunity to lymphocytic choricOTieimigitoviiT^^.r - - 
immunization with dumeric peptides comprismg imkcdr : 
epitopes restrk:ted to MHC molccoles of 
(27).. Our data show that this strategy can, 
indude immunodominant epitopes present 
MHC molecules within one hapk)^. 
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We have previously shown ihat the T cell response to ihe synthetic peptide c\,2.^:W^^ 
(covalently linked epitopes of X repressor (cl) and influenza A nucleoprotein (NP) polypeptides) 
requires amino acid sequences located in the junctional region between the cUi-u and NPj6j.3so 
epitopes in the and H-2'' haploiypes. In this study, we show that the dominant epitope of 
cIi2-i6-'NPj65-3»o in H-2'' mice is also located within ihejunaional region of the peptide, indicating 
that the same amino acid sequence is immunodominant in three different H-2 haploiypes. Based 
on results using fixed APC. there was no qualitative difference in epitope recognition due to 
antigen processing. In addition, antigen presentation by APC expressing mutant l-A molecules 
constr\jcied by hemiexon shuffling of regions of the molecule containing primarily j9 sheet or a 
helix showed thai many different substitutions were permissive for at least one of (he T hybridomas. 
Morejm^^ sequences are covalently linked in composite 

^F55^f.'F.PfB'^" -^**"^^'"*ng.^^^^^^^ T cell'.epTtopes, antigemciirof the^' 

mimun6dominant junaional r^on ^ lilenced and a new epitope assumed immunodominant. ' ' 
Thuj^'immunodominance does not correlate with the primary amino acid sequence of the potential^ 
epitope, instead. iheJmmuncKlominant epitope is deiei^mined by complex interactions among 
^fie-epilopes; w^fich moa likely depeiid dh the sirurtural conformation of the composite peptide ' 



INTRODUCTION 

The T ceil response to most complex protein antigens is typically limited to a few. 
and frequently a single, immunodominant epitope (1). There is substantial evidence 
that a number of different mechanisms operating at different stages of an immune 
response can determine the immunodominance of a specific epitope (2, 3). First, 
processing by the antigen presenting cell can determine immunodominance. In this 
case, specific epitopes can be preferentially selected by the order of protein unfolding 

' This work was supported by grams from the National Institutes of Health (R29 AO 1 527) and the 
Whitaker Foundation. 

' To whom correspondence should be addressed at Uboraiory of Immunogenetics and Transplantation 
Bngham and Women's Hospital, 75 Francis Street. Boston. MA 02 1 1 5. 
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and denaturation (and hence the kinetics of availability of particular processed peptides) 
and by the sites of proteolytic cleavage, which can either select or destroy a specific 
potential epitope (4, 5). Second, the affinity of processed peptides for an MHC molecule 
can determine immunodominance at the level of competition for binding to the antigen 
binding site, both in vivo and in vitro (6, 7), Third, a defect in the T ceU receptor 
repertoire, due to a "hole" in the repertoire, can cause the failure to recognize a^specific 
epitope which has been successfully processed and presented (8, 9). In addition, recent 
work from our laboratory has shown that the T cell receptor repertoire can^jKiatively 
select one immunodominant epitope from two potential epitopes even though both 
epitopes are presented by APC and there is not a hole in the TCR repertoire (10). 

Most studies of immunodominance have attempted to dissect T cell responses to 
complex protein antigens. In contrast, our approach has been to Unk covalently rnuhiple 
previously defined and well-studied short T cdl epitopes to produce increasingly com- 
plex composite synthetic peptides. In previous studies, we investigated recognition of 
the cIi2-26:Np3w-3«o peptide,^ which is composed of amino acids 12-26 of X repressor 
protein cl linked to amino acids 365-380 of nucleoprotein of infiuenza A/NT/60/68. 
These studies demonstrated two mechanisms which contributed to the determination 
of immunodominance. First, intramolecular competition between the covalenUy linked 
T cell epitopes occurred at the level of presentation, and second, intermolecular com- 
petition between binding to different MHC molecules (l-A versus 1-E) can determine 
immunodominance. For example, in mice, immunodominance is determined 
by intramolecular competition between two distinct epitopes located on the cI|2-26*. 
NP365-380 peptide (II); in H-2'' mice, immunodominance is determined by intermo- 
lecular competition between epitopes of cI,2_26:NP365-380 binding to the I-A or the I- 
E MHC molecules (12). 

Based on the previous work showing that the junctional region of the 
cl|2-26-NP365-38o peptidc is required for immunodominance in both H-2** and H-2* 
mice, in this study we have investigated the potential dominance of this peptide 
in H-2*' mice, which normally are nonresponders to the cI,2-26 and the NP36V380 
epitopes. Our current results show that the junctional sequence of cli2-26: 
NP365-380 is also immunodominant in the H.2'' haplotype; however, the identical se- 
quence is antigenically silent in the context of another complex peptide, CS:cI,2.2<r 
NP365.380, composed of three previously described epitopes including CS derived from 
the circumsporozoite coal protein of falciparum malaria. Furthermore, the immu- 
nodominant epitope of CS:cl|2_26:NP365-38o is located within the CSxI, 2-26 Junction 
(the cl(2.26:NP365-38D and CS epitopes are silent). However, the CS:cl|2_26 junctional 
epitope is not dominant following immunization with the CS:cI,2-26 peptide. Thus, 
in our system the interaction between multiple potential epitopes, rather than the 
primary sequence of a specific epitope, determines immunodominance. 

METHODS 

Animals. Strain C57BL/6 mice 8 to 12 weeks old were obtained from the Jackson 
Laboratory (Bar Harbor, ME). 

Peptides, The amino acid sequence of peptides used in these studies is depicted in 
Rg. I . All peptides were synthesized by the solid-phase method of Merrifield ( 1 3) with 



^ Abbreviaiions used: cl» X repressor protein 
ovalbumin. 



1; NP, nudeoprolein; CS, drcumsporozite coal protein; OVA, 
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PEPTIDE 


SEQUENCE 


Cl|2.26 


LEDARRLKAIYEKKK 


NP365.380 


IASNENMDAMESS1UE 


cs 


NANFNANFNANP 




NAKPtEDARRLKAIYEKKK 


CSai:cIi2-26 


NANPNANnfDARRUCAIYEiaCK 


CS:cIi2.26 


NANPNANPNANPLEDARRLKAIYEKKK 


CS:cIi2-26:NP365-380 


NANPNANFNANFLEDARia.KAIYEKJCmSNENMDAMESS1l£ 


cIi2-26:NP365-380 


LHDARRLKAIYEKjaOASNENMDAMESmE 




DARRLKAIYEKKKIASNENM 


h-22 


RLKAIYEKKKIASNENM 


J9.22 


AIYEKKKIAS4ENM 




AIYEKKKIASNENMDAM 




AIYEKKKIASNENMDAMESS 


hl-2B 


YEKKKIASNENMDAMESS 


'13-28 


KKKIASfENMDAMESS 


'15-28 


KIASNENMDAMESS 


Cll2-26:P:NP365.380 


l^ARWJCATTEKXKPiASNENMDAMESSrLE 


NP:P:cli2.26 


lASNENMDAMESmEPLEDARRLKAIYEKKK 


OVA:cI|2-26 


SQAVHAAHAEINEAGRLEDARRLKAIYEKKK 


Ep:cli2.26 


LENKRAEVZyrVCRLEDARRLKAIYEKKK 


CS:NP36S-380 


NANn4ANPNANFlASNENMDAMESmE 



Fig. 1 . Amino acid sequences of synthetic pq>tides are depicted by the single-letter amino add code, and 
all peptides weie produced by a continuous synthesis, cl 12-26 corresponds to residues 12 to 26 of the X 
repressor cl. NP36J.380 corresponds to residues 365 to 380 of the influenza nucleoprotein. cl,2_25:NPj«.3io is 
a synthetic chimeric peptide whose sequence consists of cl, 2.24 (amino end) followed by NPje5.j8o. Entries 
of the form "J,_/' rdfer to segments within the 31-aminc>-acid peptide cl,2-26:Np3«.3a>. cli2_26:P:Np36s-j8o 
has the same sequence as cl,2-26:Np36VMo, with the exception of an additional proline residue inserted 
between the c!,2_26 and NP»j.38o halves. In NPifiVMtfP^clij.^ the cl,2.26 and NP3g5.3ao moieties were exchanged, 
still separated by a proline residue. CS refere to three repeats of NANP^^mo derived from the circumsponozoitc 
coat protein oX faiciparium malaria. CS:cl|2^26:Np365-3$o includes the CS, cI,2-26, and NP36v,mo ejMtopes 
OVA:cI,2.2$» E^:cl,2.26. and CSxl 12-26 arc composite peptides formed by linking amino acids 324-339 of 
ovalbulmin, the third hypervariable region of I-E^, and CS with cli2^26» respectively; CSiNPjfivjso includes 
the CS and NP36J.J80 epitopes. 

an Applied Biosystems 430A peptide synthesizer. NButoxylcarbonyl amino acids were 
coupled to hydroxymelhylphcnylacetoaminomethylpolystyrene resins, and the peptide 
assemblies were carried out by using /-butoxylcarbonyl amino acids (Peninsula Lab- 
oratories, Belmont, C A) to produce 0.5 mmol of each peptide. The resins were treated 
with anhydrous hydrogen fluoride in the presence of I ml of p<xeso\ and I g of 
thiocresol for I hr at 0**C, and were extracted with diethyl ether followed by 30% 
glacial acetic acid. The peptides were desalted on a Sephadex G-25 column (2.5 X 90 
cm) equilibrated with 4 M glacial acetic acid. The amino acid composition of the 
resin-linked peptides and the desalted peptides corresponded to the expected com- 
positions. Selected peptides were subjected to protein sequence analysis using an Ap- 
plied Biosystems 470A protein sequencer. Several peptides were also isolated by high- 
pressure liquid column chromatography on a Vydac C4 column eluted with 0.1% 
trifluoroacetic acid and 0 to 60% acetonitrile gradient ( I hr). The purity of the peptides 
analyzed as determined by protein sequence analysis and/or high-pressure liquid col- 
umn chromatography is 90 to 95%. 

Cell lines. BW5 \41ap- was a gift of Dr. W. Bom (14). HT-2 was a gift from Dr. 
D. Raulet ( 1 5). TA3 (1-A**/*', i-E^^) was a gift of Dr. L Glimcher ( 1 6). Class II major 
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lENMDAMESSTUe 
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2ENM 

^ENM 

'fENMDAM 
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SNENMDAMESSILE 
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bbb). FT5.7H (bbb kkk). FT^ tH (kkk obW.^^^^^^^ ^^ ^H 

Im NA13K.1H (Wdc ^A.4B^.H (bb^ fJJhdJ) and iT4.15HP (kkk Wdc) 
(ddd bbb). NA26R2H (^bb dbb) RT 2.3^^^ ^^^^.^ ^^^^ six-letter code 

depictsthehaplotypeofthetht^segmenteoft^^^^ ^3 ,^9 

The fim and second segments mc udeamnoaa^^^^ 

and50-96of A0.^especUvely.CeUsurfa«^AeM^^ hypoxanthine. 0.27.g/ml 
(18). All L cell transfectants wete '"""^"f '° * g**^^^^ 1 A which were 

^a^Lpterin. and 5 .g/ml thymidine, ^^f 23J^^ri^. and 15 Mg/ml hy- 
n^aintained in 6 .g/ml W^^f i^'*3^f t^^^^^ was a gift of Dr. ^ 
poxanthine, until 1 day pnor to j^^^ rpmi >vith 10% FCS (GIBCO, 

ofpeptidein200,dof50%comple^ F«un^^^^^ J^^^ 
later, popliteal, paraaortic, and inguina^ ^^Zd^^^S A single cell suspension was 
accoXg to the ft^^ tS^^'^ cdl suspension, approxi- 
prepared by pressing nodes through a ™^ flasks at a 

LSy 10« cells, was rinsed three ^^^Jj"^;',^^^^^ of the immunogen 

concentration of 4 X ^^y'^'^'Zt^^C(r^oLon^^^^^ 
peptide. After 2 days, viable cells were related by ^ 

5^ell suspension ofequal -"f " "^J^^ was centrifuged at 800, 

pared and rinsed three times m ^P^J.^*'' , ^i^lye*^^^^^ gly«>l (Boehringer- 
Z 10 min. the supernatant was ^<^^^^ M^^^y to the pellet. The reaction 
Mannheim Biochemicals, ^^4 ml of RPMI were added to it 

n,ixture was incubated at 37 C. an^ ^ f ' ^he cell suspension was then brought 
after 1 . 2. 4. and 8 mm had elapsed, ^^^^um which included m> supernatant 
to a volume of 40 ml by ^^d'ng ennched m^iu^ penicilUndOOU/ml), 
from M12 cells. 20% FCS ^^ff^)^]^^^'^^^ ^fi.r incubating at 
streptomycin (100 ^m\), and 2 ^J^ M 2 me^^^^^ ^^^^^^ 

37-C for at least 2 hr, the cell ^'^^'^.Tlm Xlyi One day later 50 ^ of 3X 
plated onto 96-well A^^-bottomed ^la^^^tiri S ,oO ^ by- 

Sypoxanthine and azaserine (final ^'^''^''^''2^ in the wells 7 to 21 days 
^nthine) was added to each well. HV^^^^^/^^^ and then 100 .1 of 
later and were expanded to near conAuenc^j^ 24.>^1 ^ ^ ^^^^ ,p 

resuspended confluent culture from 2 ml weMs^ pla ^ flat-bottomed plates. 
APC plus 10 Mm peptide m a final volume oHOO mI m ^ ^ 
After 24 hr. 50 ,\ of supematants ^^^T.^^^^^^^^^ prepared from draining 
Lymph node proliferation assay, ^^^y;^^^^"^^ ^g peptide in CFA. The , 
lymph nodes of mice immunm^subo^^n^^^^^^ 
ceUs were then plated in a baif^^'^^^-weU plate (Co^^^^^ .^^^^^ 
cells per well with condition^ media f^'^J'^^'^^Z ^d^.L each well. The cells 
of 100 Ml. After 48 hr. 1 mC i'^^^r'^'^''l^,^^Zou was determined as de- 
were harvested 8 to 12 hr later, and thym.dme mcorporation 

scribed (21). 
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fL-2 colorimetric letrazolium assay. Aliquots of 5 X 10* T/'hybridoraas were ad^; 
to 5 X 10"* APC per well plus indicated concentration of peptide in final vcrfume oE% 
200 mI. Supematants were harvested after 24 hr and assayed for IL-2 content. 3-{4,5&vf 
Dimethylthia2ol-2-yl>-2,5-diphenyltetra2olium bromide (MTT) (Sigma, St Louis» MO)V 
was dissolved in PBS at 5 mg/ml and filtered. Fifty microliters of supjematant. ^ 
incubated for 20-24 hr with 10" HT-2 in 100 fi\ of cells in microtiter (dates (15),ife]^? 
microliters of stock MTT solution was added per well and incubated at ST'^C for ?;; 
hr. One hundred microliters of 0.04 N HCl in isopropanol was added to all weilst^- 
Optical density was determined at 570 nm with a Model 450 microplate reader (Bio- ^ 
Rad, Richmond, CA) (22). ' C 

APC fixing. For fixed-cell dose-response assays, L cell transfectants were f^ted in 
96-weII flat-bottomed plates and grown to confluence. The supernatant medium was 
removed, and the cells were washed twice with 200 ^1 per well of sterile PBS. fifty 
microliters of PBS with 0.05% glutaraldehyde (Sigma) was added to each well and 
removed after 60 sec. To quench residual glutaraldehyde, 200 m1 of 0.25 A/HQ-lysine 
in PBS was added to each well, and the cells were washed twice in PBS, as before. 
Aliquots of conditioned media, hybridomas, and serial dilutions of peptide ww added 
to a final volume of 200 >tl per weU, and, after incubation, supematants were collected 
and assayed for IL-2 content, as described. Bacteriophage repressor cl protein amino- 
terminal fragment (residues 1-102) was prepared as previously described (23) and 
used as positive control for the fixing of the APC. Inhibition was greater than 90% in 
all experiments. 

RESULTS 

Previous work by our laboratory has shown that the cI,2„26:NP365.380 peptide contains 
an immunodominant epitope in both the H-2^ and H-2*' haplotypes (11, 12). The 
cIt2-26 (I-A** and I-E*" restricted) and NP365-380 (I-A*" restricted) peptides were previously 
identified as dominant epitopes in response to the cl or NP proteins (21, 23). How- 
ever, the sequence recognized by responding T cells following immunization with the 
cIi2_26:NP365-38o pcptidc in both cases are not contained within either the CI12-26 
or the NP365_3go portion of the composite peptide; rather, the immunodominant 
epitope requires residues from the carboxy portion of cl, 2-26 as well as residues firom 
the NP365-380 moiety. It has previously been shown that H-2** mice fail to recognize 
either the cl,2-26 or the NP3tf5.38o epitopes (2 1 , 24). Therefore^ we asked if the junctional 
sequences which produced immunodominant responses in both the H-2*' and 1^-2*" 
haplotypes would also be immunogenic in H-2** strain mice. C57BL/6 mice were 
immunized with the cl|2.26:Np35s.38o peptide in CPA and the proliferative response 
of lymph node cells was determined (Fig. 2). The results show a strong proliferative 
response to cI|2-26:NP355_38o whereas there was no detectable response to either the 
cli2-26 or NP355.380 or the negative control CS.peptides. 

Characterization of T hybridomas. To analyze peptide recognition at the clonal 
level, T cell hybridomas were produced from C57BL/6 mice immunized with cl,f:26: 
NP36S-380 (Table I). A total of 305 hybridomas produced in two separate fusions were 
tested for responses to the cl,2.26, NP355_38o, and cI,2-26:NP365-38o peptides. Seventy- 
five of the T hybridomas recognized only the cIi2-26:NP365_38o peptide, whereas two 
hybridomas recognized cl 12.26 and nine hybridomas recognized NPj65-38o* AH of the 
hybridomas which recognized either cI,2-26 or NP365_38o also recognized the CI12-26: 



r hybhdomas were added 
^ptide in final volume of 
! for IL-2 content. 3-(4,5- 
r) (Sigma, St. Louis, MO) 
liters of supernatant was 
ucrotiter plates (15). Ten 
incubated at ST'^C for 4 
I was added to all wells. 
) microplate reader (Bio- 

nsfectants were plated in 
:upematant medium was 
well of sterile PBS. Fifty 
added to each well and 
»Mlof0.25A/HCI-lysine 
twice in PBS, as before. 
>ns of peptide were added 
jematants were collected 
)ressor cl protein amino- 
)usly described (23) and 
was greater than 90% in 



^1*365-380 peptide contains 
laplotypes (11, 12). The 
peptides were previously 
proteins (21, 23). How- 
l immunization with the 
vithin either the cl 12-26 
the immunodominant 
as well as residues from 
mice fail to recognize 
ve asked if the junctional 
both the H-2** and H-2'' 
:e. C57BL/6 mice were 
le proliferative response 
>w a strong proliferative 
e response to either the 

xx)gnition at the clonal 
immunized with cl,2_26: 
s^o separate fusions were 
,5-380 peptides. Seventy- 
go peptide, whereas two 
:ed NP565-380. All of the 
} recognized the cl|2.26- 



SILENQNG OF IMMUNODOMINANT EPITOPES ' 
20- 



289 



15- 



S 10-1 
a 
a 



5- 



0 

0.01 0.1 1 10 



1 10 
PEPTIDE 0>M) 



100 



Fig. 2.C57BL/6 mice were immuniied with 50 ,ig of da-2A:NP365-38o subcutaneous^ 
later, LN cells were removed and stimulated with cl,2^NP»».38o (♦)» cl|2_26 (O), NPj«_mo{0), and CS (V) 
and proliferation was determined by pHlthymidine incorporation as described. Results arc representative 
of three separate experiments. In all figures, values plotted at the origin represent 0 itM peptkle, and the 
paraUel slash located on the jr axis represents a discontinuous break in the logarithmic scale. In all figures 
symbols arc drawn relative to the x and y axis. 
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NP365-380 peptide. Thus, the overall pattern of recognition by the T hybridomas in 
which 87% of the hybridomas recc^nize only the cI,2-26:NP365-38o peptide correlates 
with the results of the lymph node proliferation. 

Fine specificity of epitope recognition by T hybridomas. To determine the fine spec- 
ificity of the T cell recognition of the cIi2-26:NP365-38o peptide, individual hybridomas 
were tested against a panel of analogue peptides. This panel included progressive amino- 
and carboxy-terminal deletions, insertion of a proline residue between the cI,2-26 and 
NP365-3a) moieties, reversal of the cl,2-26 and NP365-380 sequences separated by a proline 
residue, and the substitution of the cl,2.26 sequence with unrelated epitopes including 
CS, OVA, and Ep (peptides shown in Fig. I). The response of a representative T 
hybridoma 58-2 1 depicts the recognition of several analogue peptides including J 



3-22, 



TABLE I 
Specificity of T Cell Hybridomas 





Hybrids tested 


Cl|2-26^NP36J-M0 - 

respondcrs 


cl 12-26 

responders 


responders 


Fusion 1 


146 


45 


2 


9 ^ 


Fusion 2 


159 


30 


0 


0 


Tola! 


305 


75 


2 


9 . 



i Note. T cdl hybridomas were produced from C57BL/6 mice immunized with cl u-ze^NPaw-iro and tested 

for lL-2 secretion in response to peptides 01,2-26. NP365.380, and c!,^^:NPJ6s-3K». Positive wells were dctennined 
by a minimum stimulation index >6. IL-2 was determined as described by {*H)thymidine incorporation by 
the HT-2 indicator cell line. 
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^6-22* V25, and J9.28 as well as the cl|2.26:NP365-3?o peptide (fig. 3a). The results frtjtijlf 
similar analysis of 16 different T hybridomas showed that 14 (88%) recognized at lis^>^ 
one of the junction peptides (not shown). Althou^ the fine specificity varied am6)tigp^:^ 
the hybridomas, they all recognized peptides within the region spanning the 6th tb ;|. 
25th residue. In addition, 15 of the 16 T hybridomas did not recognize the cI|2-26:5'^, 
NP365-380 peptide, and none of the hybridomas recognized the NP3(iV38o:J*'c^ 12-25 pej^j^i 
tide. Taken together, these results suggest that the panel of T hybridomas recogiiSB^ 
an epitope located at the junction between the CI12-26 and NP365-3so nK)ieties. ':;^ ^>:^ 

Effects of antigen processing on peptide recognition. To evaluate the effects of anti^ 
processing on the recognition of the dominant junctional epitope, APC were fixed,bylv!f; 
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Fig. 3. Recognition of junctional peptides with live (a) and fixed (b) APC. T hybridoma 58-21 was 
stimulated using NABB.IF APC Responses to peptides cI,2_26:NP36j.jro Jj-n (^)» Jfr^ (▼) J« (^)» 
and (A). There was no detectable response to peptides cli2^26 (O). NP365-JS0 (□)» •'«2 (^)» Jn-» 
{►). ii>^28 (* )> hs^ { » )» <:Ii2-26:P:NP»5-«o) (■). CS:NP3«.3«> and NP«5-38o:P-'ci 12-26 («). IL-2 
secretion was determined as described. Results are representative of three separate experiments. 
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crosslinking with glutaraldehyde and tested for the ability to stimdlate the T hybn- 
domas. As shown in fig. 3b, the !.ybridoma 58-21 recognize t6e sa^e subset^of 
peptides with fixed compared to live APC. SimUar analysis of^ur addition^ hy- 
bridomas also failed to detect qualitative differences between live and fixed APC (not. 
shown). However, some quantitative differences of the relative potency of thp stim- 
ulatorypeptidesisobservedafterfixationoftheAPC. In particular, the idative potency 
of the J3.B and J«2 peptides is decreased relative to cln-zfrNPiw-jw when ptesentetf 
by fixed APC. These results suggest that although antigen processmg f . ; 

for recognition, it can alter the antigenicity of the peptides recognized by the 5^21 

''^S/lSrai requirements of the l-A molecule for T cell recognUion of dn-it^Psei- 
^ The previous experiments focused on delineating the contribution of the various 
Mptide sequences in determining immunodominance of a particular epitope. To in- 
vestigate the contribution of the 1-A«> MHC molecule to the recognition of the cI.2-26: 
NP«5.38oPepude.apanel of APC expressing mutantl-Amolecules was used to pr«at 

cl., wNP«; 3«, to the T hybridomas. The mutant I-A molecules were formed by 
^hhigSexons derived from the various H-2 haplotypes (25). Based on the 
Brown model, segment one contains residues of the p sheet and segment two contsnns 
residues of the a helix (see Methods) (26). A representative expenment showing the 
response by five T hybridomas to the cI,2-26:NP365-38o peptide presented by the 
NA13B IH APC is depicted in Fig. 4. The NA13B.IH APC express a mutant ^ sheet 
of the I-A B chain which is derived from the H-2'' sequence, with the remaimng re^ons 
of both the « and p chains derived from the native I-A- sequences. Clearly two of the 
T hybridomas, 58-21 and 1^5, recognize cI,2.26:NP36s-38o presented by the mutant I- 

A molecule. . _. . 

Similar analyses of the same five T hybridomas shown in Fig. 4 P^"™^ 
with the complete panel of APC and the results are summarized in Table 2. Th«c 
data show that six of the transfected APC expressing mutant I-A molecules can present 
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4. Differential recognition of recombinant I-A molecules. T cell ^y^^<'"!^^58.2l (^7^^^ 
49™K l« (n and bT(D) was tested for reactivity to NAI3B.IH APC whu:h ^P'^^^.f 
UA molecute (bbb kbb). which has the b k substitution of the ^ sheet in the I-A & chain. lL-2 was 
determined as described. Results arc representative of two separate cxpenmenis. 




292 



WANG ET AL. 



TABLE 2 

Responses to Exon^hufQed t-A Molecules f 



I-A 



T bybridoma 



APC 


a 




58-21 


70-36 


96^9 


16-5 


B^' 


NABB.IF 


bbb 


bbb 


0.320 


0.366 


0.376 


0.334 


... ' - .'-tf 


FT5.7H 


bbb 


kkk 










•- ■4' 


FT3-4H 


kick 


bbb 






0.370 






NAI3B,1H 


bbb 


kbb 


0.304 






0.482 




NTI8.IIA 


kbb 


kbb 






0.241 


0.398 




NAI3K.IH 


kkk 


kbb 












NAMB.IH 


bbb 


bkb 


0.092 


0.063 








RT8.I2H 


ddd 


bbb 


0.078 




0.501 






NA26B,2H 


bbb 


dbb 




0.092 








NA5B 


bbb 


bdb 












RT2.3.3H 


ddd 


ddd 












RT4J5HP 


kkk 


kkk 













Note, T hybridomas demonstrate different patterns of reactivity to APC expressing recombinant I-A 
molecules. B6^ is a control T hybridoma specific for cI73-88 restricted by l-A**. Each T cell hybridoma was 
tested as described. 



ci 12-26-NP365.380 to at Icast onc of the hybridomas; however, none of the T hybridomas 
produced identical patterns of response to the panel of APC. It is remarkabie that 
changes in either the a helix or the p sheet are i^rmissive for some hybridomas. For 
example, hybridoma 70-36 recognizes cI|2-26-NP365-3so in the context of both ab k 
substitution of the a helix (NAi4B.lH) and ab d substitution of the P sheet 
(NA26B.2H) of the I-A /3 chain. Furthermore, the mutation of the p sheets of both 
the a and p chains with b ^ k substitutions (NT 18.1 lA) is permissive for the T 
hybridomas 96-49 and 16-5. Also, a complete substitution of the a chain of b k 
(FT3.4H) is permissive for hybridoma 96-49 and that of b — d (RT8. 1 2H) is permissive 
for hybridomas 96-49 and 58-21. 

SHencing of immunodominant epitopes in the context of complex synthetic peptides. 
Based on our current analysis of the cI,2_26-NP365-38o peptide in the H-2'' haplotype 
plus our previous results in the H-l^ and ^1-2*" haplotypes showing the generation of 
an immunodominant epitope in all three haplotypes requiring portions of both the 
cl 12-26 and NP365_38o sequences, it would be tempting to speculate that the amino acid 
sequence located within the junctional r^on of the cI|2-26:NP365-38o compoatc peptide 
is highly antigenic because it contains a structural motif with conserved elements 
immunodominant in multiple H-2 haplotypes. Such a motif could be termed a "super" 
epitope. To test this hypothesis, an additional peptide, CS:cI|2-26:NP365-380, composed 
of three sequential epitopes was synthesized. This peptide contains 12 amino acids 
derived from the epitope of the coat protein of falciparum malaria linked to the 
cI,2-26*.NP365-38o scqucnce. Previous work established that the CS sequence, which 
includes three tandem repeals of Asn-Ala-Asn-Pro derived from the coat protein of 
falciparum malaria, was an immunodominant epitope of the coat protein in H-2*' 
strain mice (27). C57BL/6 mice were immunized with CS:cIi2.26:NP365.380 and lymph 
node proliferation was determined to a panel of peptides representing the various 
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previously defined epitopes (Fig. 5). The immunodominant response was not focused 
on the cl|2_26:NP365-38o sequence or any of the individual epitopes including CS, cI|2-26, 
or NP365-3«>. Rather, the immunodominant response was entirely contained within 
the CS:cI,2.26 sequence. Thus, in the coiitext of the CS:cIi2.26:NP365-3so peptide, the 
J6-25 sequence shown to be immunodominant in the context of the cI|2-26:NP3e^38o 
peptide is essentially silent . . 

It was previously established that C57BL/6 mice were nonitspondcrs to the CI12J26 
epitope (24), whereas CS, as previously discussed, is an immunodominant epitope, in „ 
this strain. To delineate the interaction between the CS and cl|2_26 q)itopes, C57BL/ 
6 mice were immunized with CS:cIi2-26 and lymph node proliferation was measured 
(Fig. 6). The results show that the CS peptide stimulates a strong proliferative response, 
although not as strong as the response to the immunogen CS:cI,2_26. Furthermore, 
because the response to the CS:NP365-38o peptide is approximately equivalent to the 
CS:cI|2_26 response (and both are approximately 1 order of magnitude greater than 
the response to CS), and because there is no obvious sequence homology between the 
carboxy moiety of the CS:cI,2-26 and CS:NP365.38o peptides, the enhanced response to 
these peptides may be due to lengthening the peptide at the carboxy end. Also, there 
was a mcKiest response to the CS^i peptide, which has a deletion of one of the four 
amino acid repeats, whereas there was no detectable response to CSa2, which has a 
deletion of two of the repeats. Most importantly, H-Z*' mice respond to the CS epitope 
differently in the context of the CS:cI,2-26:NPj65-38o or the CS:cI,2.26 peptides. Similarly, 
the response to the junctional epitope differs dramatically in the context of the 
cI,2-26:NP365.38o Or thc CS:cI,2.26:NP365,38o peptides. 

DISCUSSION 

Instead of dissecting the T cell response to a complex protein antigen, our approach 
has been to start with previously well-characterized T cell epitopes and to construct 
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Fig. 5. C57BL/6 mice were immunized ,wiih 50 ^ig of CSxIa.^iNPj^vjso subcutaneously in CFA. Seven 
days later, lymph node cells were removed and sumulated with CS:cl,2.j5:NP3ft5.38o (0), cI,2^:NP,63^tto (♦). 
CS:cl,2.26 (xX CS:NP365.38o (■)» cI,2.24:CS cl,j.26 (O), NPj^jTO (P), and CS (•), and proliferation was 
determined by ['Hlthymidine incorporaiion as described. Results are representative of three separate ex- 
periments. 
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Fig. 6. C57BIV6 mice were immunized with 50 $tg of CS:cI,2.26 subculaneously in CFA. Seven days lator^^v, 
LN cells were removed and stimulated with CS:cl,2.as (x), CSmxI.j.is (0), CS^:cl,2.2fc (a), cI|2_» (6^^^ 
NP365-3K) CS:NP36j_3jo (■), and CS and proliferation was determined by pHJthymidine incorporatio«V 
as described. Results arc representative of two separate experiments. 



increasingly complex antigens by covalently linking multiple epitopes in a single synr -C 
thetic peptide. In this study we investigated the T cell response of H-2** C57BL/6 mice, 
to the composite peptide cI,2_26:NP365-38o, which links the cI,2-.26 epitope of X repressor . 
with the NP365_38o epitope of nucleoprotein. Previous studies established that C57BL/ 
6 mice are nonresponders to the cI|2-26 (24) and the NP365.380 (2 1 ) epitopes. HowevCT, • 
these data show that C57BL/6 mice do respond to the cI,2-26*NP365_38o peptide based 
on both lymph node proliferation and the characterization of T cell hybridomas from^ 
two separate fusions. A detailed analysis of the fine specificity of 16 of the T hybridoma^l 
showed that they all recognized shorter peptides spanning the junctional region o^ 
cIi2-26;NP365.38o. Forcxamplc, hybridoma 58-21 recognized peptides 13.22, J6-22> ^9-25^ 
and J9_28. Furthermore, 15 of 16 T hybridomas did not recognize the cI,2-26:NP365-3«o 
peptide, which has a single proline residue inserted between the cI,2-26 an<l NP365-380 
sequences. In addition, the recognition of the T hybridomas was not qualitatively 
altered by fixing the APC, indicating that antigen processing was not required for 
recognition of the new epitope, although it does quantitatively alter the response by 
some hybridomas to specific peptides. The simplest interpretation of these results is 
that a new epitope, located within the junctional region of cI|2_26:NP365_38o, becomes 
immunodominant in H-2** mice. 

Previous groups have shown that short flanking sequences added to either the carboxy 
or the amino terminus can either enhance (28) or diminish (29) the response to the 
core region of an epitope. The response of hybridoma 58-21 shows that additions to 
either the carboxy or the amino terminus can enhance recognition of the core sequence. 
It is remarkable that the consensus sequence present in all of the junctional peptides 
recognized by 58-21 is J9.22, but there is no detectable response by 58-21 to the 3^22 
peptide. However, carboxy-terminal additions (J^22 and J6.22) or amino-termriial ad- 
ditions (J9_25 and J9^2s) restore antigenicity. E>espite three separate immunizations of 
C57BL/6 mice, we could not detect significant lymph node proliferation; in addition, 
there was no detectable in vitro competition for presentation of the I-A^'-restricted 
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cl7>88 peptide. However, J9^22 was shown to be antigenic in both ¥i-2^ and H-2*' mice, 
(not shown). Therefore, these data arc conastent with the hypothesis that J9.22 fails 
to bind l-A** with significant affinity. Presumeably, either amino- or carboxy-t^nal 
additions could both enhance peptide binding to I-A. ■■■ 

The determinant selection model of iromunodominance proposes that the naajo;! 
factor controlling immunodominance is the ability of a peptide to bind to the antig^;n 
binding site ofthe MHC molecule. We directly investigated the contribution ofthe ^ 
various domains ofthe I-A** molecule by using APC transfected with hemiexorv-shuffled 
I-A molecules to present cI,2-26:NP365-380- Two conclusions are apparent from these 
experiments: first, each T hybridoma recognized the cl,2-26:NP365-380 peptide in the 
context of a different subset ofthe mutant I-A molecules, and second, maby different 
substitutions were permissive for at least one of the T hybridomas. In particular, 
permissive substitutions ofthe first hemiexon (containing primarily the p sheet region) 
included at least one example ofthe b, d, and k sequences for both the I-A a and /? 
chains. Similariy, permissive substitutions of the second hemiexon (containing pri- 
marily the a helix region) ofthe I-A a chain also included b, d, and k and those of 
the I-A j3 chain included b and k. In fact, the only substitution that was not recognized 
by a T hybridoma in at least one ofthe mutant APC was a d haplotype a heUx ofthe 
I-A jS chain. This functional degeneracy is all the more remarkable because it required 
a total of only four T hybridomas. Thus, there is considerable degeneracy and/or 
redundancy in the TCR-peptide-MHG interaction in our system. 

These results differ substantially from the results of Lechler et ai studying T cell 
recognition of antigen in the context of hemiexon-shuffled I-A molecules (25). In their 
study, only 2 of 21 T hybridomas recc^ized antigen in the context of a mutant I-A 
molecule, and in each case only a single mutant I-A molecule was permisave; in 
addition, substitution ofthe p sheet ofthe P chain eliminated recognition by 90% of 
the antigen specific responses. Our system differs in the fact that die cI,2-2fr:NP365-38o 
peptide is known to be immunogenic in the H-2Hand H-2*' haplotypes. Therefore, 
cl,2.26:NP365_38o clcaHy binds I-A molecules of all three haplotypes, which could at 
least partially explain the degeneracy. However, the fine specificity analysis of CI12-26: 
NP365-380 recognition in the b, d, and k haplotypes suggests that there may be subtle 
differences in binding among the three I-A molecules. More importantly, degeneracy 
of binding would still not account for the additional degeneracy involving TCR contact 
residues ofthe a helix. For example, T hybridoma 96-49 tolerates both the k and d 
substitutions of the a helix of the a chain (compatible with predominant recognition 
of polymorphic residues ofthe p chain). More remarkably, hybridoma 58-21 tolerates 
the a helix substitutions of k haplotype in the p chain and d haplotype in the a ch^n. 
None ofthe hybridomas tested recognized cI,2-26:NP365-J8o presented by APC expressing 
allogeneic 1-A** or I-A*". 

The simplest explanation of these data is that the peptide-MHC bmdmg and the 
TCR recognition ofthe peptide-MHC complex involve multiple noncovalent inter-^. 
actions. This explanation is compatible with a model in which the immunodominant 
response to this highly immunogenic peptide involves relatively high-affinity peptide- 
MHC interactions. Thus, if one of multiple peptide-MHC binding interactions is 
eliminated with the mutant 1-A molecule, recognition by the T hybridoma may be 
quantitatively reduced but not abolished. In addition, many of the residues predicted 
to be involved in Ag binding and T ceU contact are conserved among the I-A*'** and 
I-A*' molecules; therefore, these residues could contribute to recognition in the mutant 
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I-Amolecules. Due to the different leveU of surface MHC expression between diflbe^" 
APC transfected with I-A, it is not possible to compare quaiititativcly the response of 
the T hybndoma to cI,2-26:NPKj_i8o presented by the various mutant APC In addition, 
we cannot exclude the possibility that substituUons in one region of the mofccidfr 
could mduce conformational changes in another region. However, as described under 
Methods, I-A expression has been determined by flow cytometry analysis with 
mAb, and every APC has stimulated at least one T hybndoma in previous analysis 
(not shown). ' 

It is remarkable ihat the junctional sequences of cI,2.2«:NP365.,8o form an immu- 
nodommant epitope in three different H-2 haplotypes (b, d, and k). Cfce hypothesis 
of th«e observations is that immunodominance of the cI,2.2s:NP365.,k, sequence is 
due simply to a consensus motif of immunodominance which is functional in 
multiple haplotypes. However, the T cell response by C57BL/6 mice to the CS:cI,2.24: 
NP36S-380 peptide, which contains the complete cln-te^^Pyss-jto sequence, dearly 
disproves this hypothesis. The immunodominant determinant following CSicI,, zj.- 
NP36S-380 immunization is contained within the CSrcI.z.^s region, and the cl.z'^s: 
NP365-380 epitope IS silenced. Previous reports established that CS was an immuno- 
dominant epitope of the falciparum malaria coat protein in H-2"' mice (27). However 
there was no significant response to either CS or the previously discussed junctional 
epitope of cl,2.26:NPj65.;^. These results indicate that the complex interaction among 
multiple potential epitopes, rather than the primary sequence of a single epitope 
determines immunodominance in our system. This conclusion is further supported' 
by the response to the CS:cl,2.26 peptide. In this case the dominant response is focused 
on the CS epitope, which was immunologically silent in the context of the CScl„ «• 
NP365-3go peptide. 

In conclusion, the major factors determining the immunodominance of various 
epitopes hnked in complex synthetic peptides composed of multiple previously well- 
defined T cell epitopes are not the innate characteristics or primary sequences of a 
given epitope but rather the complex interaction among the epitopes in the context 
of the composite peptide. Although not directly addressed by our studies, these effects 
are most likely due to different structural conformations created by linking multiple 
epitopes m the composite peptides. Thus, the results in our system are consistent with 
a model, previously proposed by Sercarz and co-workere, in which anUgen binds to 
the MHC molecule prior to the completion of unfolding and proteolytic cleavage; 
therefore, certain potential epitopes become masked (cryptic) while other epitope^ 
which are exposed earlier during processing are preferentially presented (30). Alter- 
natively, different conformations could have different binding affinities for MHC mol- 
ecules. Thus, potentially immunodominant epitopes can be silenced by contiguous 
but distant changes in the polypeptide. Because peptide vaccines may require the 
incorporation of multiple epitopes, further understanding of the interactions among 
potential epitopes m the context of complex polypeptides may be important for the 
design of successful vaccines as well as understanding T cell recognition of complex 
protein antigens. 
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We have used an approach of linking previously 
characterized T ceil epitopes into immtmologically 
complex synthetic peptides in order to investigate 
the mechanism of immimodominance. Our results 
^ow that first clia-ie is highly dominant following 
immunization with the lamtkia repressor (cl) pro- 
tein, but is a minor ^itbpe in the contesct of the 
cIiNP p^tide. In contrast, the dominant epitope in 
re^xmse to the cI:NP peptide is a new junctional 
epitope, which is composed of sequences derived 
from both the cl and influenza nucleoprotein (NP) 
segments of the composite peptide. Second, T cell 
recognition of cI:NP is not si^iificantly altered by 
Ag processing, based on results from glutaralde- 
byde-flxed AFC. Third, the relative affinities of d 
and cI:NP for MHC binding are similar, based on in 
vitro competition, excluding competition at the 
level of MHC binding as the determinant of immu- 
nodominance* Taken together, these results are 
consistent with the hypothesis that immunodomi- 
nance of cI:NP iis determined by peptide conforma- 
tion, which affects the configuration of peptide bind- 
ing to MHC, thus altering T cell recognitionJfljEQQ= 
elusion, f^nTn^^^odominance is not simply a functioiL 



Previous work from our laboratory has shown|thiat <rf a^j . 
total of 13 different MHC haplotypes immunize^ with rf, 
7 responded to only a single dominant epitope^ and the 
largest number of epitopes identified in a singjle strain 
was 3 (10). Although T ceU responses In all of the strains 
were limited to a few epitopes, the specific epitopes rec- 
ognized varied among strains. The strain specificity pre^ 
sumably Is dependent upon binding interactions between 
the processed peptides and the polymorphic MHC mole- 
cules. 

Clearly, one requirement for immunodominaiice is 
binding of the pepUde/processed Ag to the MHC molecule. 
Based on the model of MHC class n molecules proposed 
by Brown et al. (11). there Is a single Ag binding site 
located at the amino terminus of the molecule. Hieref ore, 
competlUon between the various processed (>eptides for 
binding to the MHC molecule is one mechanism that could 
determine immunodomlnance (12). However, a number 
of peptidesthat bind to MHC molecules but do not corre- 
late with imihunpgenicity have been identified. In a de- 
tailed analysis of peptides from staphylococcal nuclease, 
30% of peptides that bound to MHC were not Immuno- 
genic ( 1 3). The authors concluded that "holes" In the TCR 



of the piffi5ry"lmmb acid sequence, but is, a^fmO::^ repertoire prevented recognition of these peptid<^. Slml- 



migecule^. 

The immune response of T cells after immunization 
with complex antigens is commonly focused on a small 
number of major epitopes, and in many cases a single 
immunodominant epitope (1-9). In the case of BALB/c 
mice immunized with cl,* more than 95% of the maximal 
lymph node T cell proliferative response is stimulated by 
peptides spanning amino acids 12 to 26 (cli2-26) (9). The 
phenomenon of T cells recognizing a limited numl)er of 
dominant epitopes is observed in all MHC haplotypes. 



Received for publfcatlon September 6. 1990. 
Accepted for pubticaUon December 28. 1990. 

The costs of publication of this article were dcf rayed In part by the 
payment of page charges. This article must therefore be hereby marked 
adverttsement in accordance with 18 U.S.C. Section 1734 solely to Indi- 
cate this fact. 

* Address correspondence and rcpHnt requests to David L. Perkins. 
Brtgham and Women's Hospital. Laboratory of Immunogenetlcs and 
Transplantation. 75 Francis St.. Boston. MA 021 15. 13avid L. Perkins is 
the recipient of a Physician Scientist Award DK01693 from the National 
institutes of Health. 

* Abbreviations used In this paper: cl. lambda repressor; MTT. 3-(41. 5- 
(llinctbyIthla20K2 yl)-2.5-dlphcnyl tctrazoUum bromide: NP. influenza 
fiuolcuprotcUi. 

2137 



larly. although CI12-26 binds to both 1-A** and I-ET*. the T 
cell response is restricted overwhelmingly to I-A** due to 
a hole in the TCR repertoire for cI,2-26 presented by I-E** 
(14). In contrast, several epitopes have been identified 
that do not cause T cell responses following Immuniza- 
tion with the intact protein, but which produce signlH- 
cant responses following immunization with the syn- 
thetic peptide ( 1 5). For example, although more than 95% 
of the T cell response of BALB/c mice to cl Is specific for 
cIi2-26. immunization with the peptide CI4&-62 causes a 
marked lymph node proliferation (16). Thus, cUe^ Is a 
perfectly good immunogen, but is immunologically silent 
following Immunization with cl. Presumably events jHlor 
to T cell recognition involving protein unfolding. Ag proc- 
essing, or competition for binding to MHC prevent signif- 
icant immunogenicity of cUe-ea after cl immunization. 

To investigate the mechanisms of immunodomlnance, 
we have constructed synthetic composite peptides con- 
sisting of multiple previously identified T cell epitopes. 
The advantage of this approach is that epitopes previ- 
ously well characterized can be covalenUy linked and 
functionally analyzed in the context of the new composite 
polypeptide. In particular, the immunogenicity of epi- 
topes cli2-a6 (aniino iicids ! 2-26 of cT) ard NP3.>s-6o (amino 
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acids 365-380 of NP) (1 7) was invesUgated In the context 
of the 31 -residue composite peptide cI:NP. Our results 
Indicate that immunodomlnance of cl:NP in BALB/c mice 
Is not directed to the cIi2-26 moiety but rather to a new 
epitope. In addition* immunodomlnance of major versus 
minor epitopes is determined by intramolecular compe- 
tition between multiple overlapping epitopes present in 
the composite peptide. 

MATERIALS AND METHODS 

Animals. Strain BALWc mice were obtained from The Jackson 
Laboratory (Bar Harbor. ME). 

Peptides. AU peptides were synUiesized by Uic soUd-phase meUiod 
of Merrlf leld (1 8) with an Applied Blosystems (Foster aty, CA) 430A 
peptide synthesizer. r-Butoxykarbonyi amino adds were coupled to 
hydroxymethylphenylacetoamlnomethylpolystyrene resins, and the 
peptide assemblies were carried out by using MMitoxylcarbonyl 
amino adds (Peninsula Laboratories. Belmont. CA) to produce 0.5 
mmol of each peptide. The resins were treated with anhydrous 
hydrogen fluoride In the presence of 1 ml of p-cresol and 1 g of p- 
Uilocresol for 1 h at 0*t:. and were extracted with diethyl ether 
followed by 3056 gladal acetic add. The peptides were desalted on a 
ScfAadex G-25 column (2.5 x 90 cm) equUlbrated with 4 M glacial 
acetic add. The amino add composition of the resln-Unked peptides 
and the desalted peptides corresponded to the expected composi- 
tions. Selected peptides were sut^ected to protein sequence analysts 
using an Applied Blos^tcms 470A protein sequencer. Several pep- 
tides were also Isolated by high-pressure liquid column chromatcg- 
raphy on a VYDAC (Hesperla. CA) C4 Cohimn eluted with 0.1% 
trifluoroaceUc add and 0 to 60% acetonltrlle gradient (I h). The 
purity of the peptides analyzed as determined by protdn sequence 
analysis and/or high-pressure liquid column chromatography Is 90 
to 95%. 

CeU Itnes and culture. BW5147a^ variant was a gift of Dr. W. 
Bom (University of Colorado Health Sciences Center. Denver, CO). 
CTLL.2 was a gift from Dr. D. Raulet (University of California. 
Bericeley. CA). TA3 (l A^. I-E*^ was a gift of Dr. L. Gllmcher 
(National Institutes of Health. Bcthesda. MEQ. Class n MHC L cell 
transfectants RT 2.3.3H (1-A^ and RT 10.3H2 (I-E*) were a gift from 
Dr. R. Germain (National Institutes of Health. Bcthesda. MD). All 
cultures and assays were performed in RPMI with 10% FCS (both 
from GIBCO. Grand Island. NY). 10 mM gtutamlne. penicillin (100 
U/ml). streptomydn (100 Aig/ral), and 2 x 10** M 2-ME (complete 
medium). Plating of fusions and assays were performed ta 96-well 
flat-bottomed plates (half -area wells for lymph-node proliferation 
assays, full-area wells otherwise). A mixture of azaserine (1 ^ig/ml) 
and hypoxanthlne (100 nM] was used In hybrid selection. 

isolation of T ceil hybridomas. Mice were Immunized subcuta- 
neously with 50 ^ peptide In 200 ^1 of 50% complete Freund's 
adjuvant (GIBCO). El^t to ten days later, popliteal, paraaortic, and 
inguinal lymph nodes were removed and cultured according to the 
method of Kappler et al. (19). A single cell suspension was prepared 
by pressing nodes through a fine wire mesh. The ceU suspension 
(approxlmatdy 10® cells) was rinsed three times In conditioned me- 
dia, and then Incubated In 75 cm* flasks at a concentration of 4 x 
10* cells/ml with 10 *ig/ml Immunogen peptide. After 2 days, viable 
cells were Isolated by fractionation with Ftcoll-Metrizoate. A cell 
suspension of equal numbers of viable lymphocytes and fusion 
partner cells was prepared and rinsed three times in RPMI. The cell 
suspension was centrlfuged at 800 x g for 10 min. the supernatant 
was removed, and 1 ml of polyethylene glycol (Boehringer Mannheim 
Biochemlcals. Indianapolis. IN) was gentiy added to the pellet The 
reaction mUture was Incubated at 37*»C. and 0.5 ml. 1 ml. 2 ml. and 
4 ml of RPMI were added to It after 1 min. 2 mIn. 4 mIn. and 8 min 
had elapsed, respecthrely. The cell suspension was then brtmght to 
a volume of 40 ml by adding enriched medhim including the super- 
natant of M 1 2 cells Incubated in conditioned media for 2 days (50%) 
FCS (20%). RPMI (30%). 10 mM glutamlne. pcnldllln (100 U/ml)! 
sti^ptomycln (100 /ig/ml). and 2 X lO'' M 2-ME. After Incubating at 
37"C for at least 2 h. the cell suspension was brought to a vohune of 
80 ml. and plated onto 96-well flat-bottomed plates with 1 00 fH/weW. 
One day later 50 mI of 3x hypoxanthlne and azaserine in enriched 
media was added to each well. Hybridomas appeared In the wdls 7 
to 21 days later. Hybridomas were expanded to near-connuencc In 
24-welI plates, then 100 pi of resuspcnded confluent cultures from 
2-ml wells were plated with 5x10* TA3 Ag presenting cells, and 
dther conditioned media. d,a.M (5 wg/ml). HP^a^ (5 p^ml). or 
d:NP (10 Mg/ml). tn a final volume of 200 mI in 96-wdl flat-bottomed 
plates. Cultures were incubated for 24 h. and 50 mI of the supcma- 



tants were harvested. - '../K 

/t-2 assay. Fifty microliters of su^)erTiatant were fnem f^*^ 
than2hat -70^. Aliquotsof 1 x lO^ceDsof CTU^orffl^i: 
2-dependent T cell lines were added. (=^H|Thymldbie (1 pCU^tih 
added 18 to 24 h laten the cells were harvested 4 ta8 h later 
an automated .cell harvester (Slcatron Inc., Sterling. VAJ:- 
rated thymidine was detected by scintillation counting. 

Dose-response assay. L cell trainsfectants RT 2.3.3H (i-A*^ < 
10.3H2 (l-E^ were plated in 96-w6U flat-bottomed plates and & 
to confluence. AUquots of 5 x 10* hybrtcb)mas were added to ' 
weU. The final volume was brought to 200 td with conditioned -:. 
plus serial dilution of peptide. Supematants were recovered j 
assayed f or IL-2 content as described. 

Lymphocyte proliferation assay. T lymphocytes were 
from lymph nodes of mice primed with cl:NP as described, 
lymphocytes were then plated on a half-area 98-weU plate 
no. 3696, Cambrtt^gc. MA) at 4 x 10* ccUs/wcU with contf 



' -ne>~» -f ™. -» " «w VMiMf wr^M wuu MJU« 

media or serial dihition <A peptide in a final vohime of , 
Superaatants 150 fd/weU) wore removed 24 b later and assayed I 
IL-2 content as described. To measure lymphocyte proliferatioa* f 
thymidine (1 hOl) in 50 m1 of omdlUoncd media was added to 
well after a 48-h incubation. The ceils were harvested 8 to li;i; j 
later, as described. Each assay lias been repeated at least twice, w ' 
two to three mice each time. The titration curves of Ag tn prolife 
tion and 11^2 assays were comparable after we subtracted the 1 
ground. 

APC fixing. For flxed<ell dose-response assays. L cell transf ^ 
tants RT 2.3.3H (l-A*) or RT 10-3H2 (I-E?*) were plated tn 98-well fbl^^ 
bottomed plates and grown to confluence. The supernatant metbui^' 
was removed, and the cells were washed twice with 200 i4^vea or/ 
sterile PBS. Fifty mIcroUters of PBS with 0.05% ghitaral^fayd^ 
(Sigma Chemical Co.. St Louis, MO) were added to each weU n-^^ 
removed after 80 s. To quench residual ^taraklehyde. 200 lA 
0.25 M Ha-lyslne In PBS was added to each well, and the cells wcrie,^ 
washed twice In PBS. as before. Allquots of conditioned media;'> 
hytyrtdomas. and serial dilutions of peptide were added to a final ; 
volume of 200 ftl/well. and. after Incubation, supematants were • 
collected and assayed for IL-2 content as descritied. Badericqshage 
repressor d protdn amino-termlnal fragment (residues 1-102) was " 
used as positive control for the fixing and was prepared as describecT 
byLaIetai.(9). 

Cdorimetric tetrazolium assay. MTT (Sigma) was disserved In'.- 
PBS at 5 mg/ml and filtered. Supernatant (50 pi) was Incubated fori 
20-24 h witii 10* HT-2 cdU In 100 m1 in mlaotitcr plates. Teit^ 
mlcrDllters of stock BTTT solution were added per well and hicubate^ 
at 3r*C for 4 h. One hundred microliters per well of 0.04 N HQ lo^' 
isopropanol were added. Optical density was ddermlned at 570 nm 
with a model 450 Mlcroplate Reader (Bio-Rad. Richmond. CA). 

RESULTS 

To investigate the reis^Uve Iminunodominance of cova- 
lenOy linked T-cell epitopes, we synthesized the peptide 
cI:NP (composed of cI,2-26 plus NPas^-aso; Fig. 1) and tested 
the T cell response to the peptide in BALB/c mice 
Based on previous work, the clij-js moiety of the compos- 
ite peptide is Immunogenic in the H-2** haplotype. 
whereas NPaes-aeo is not immunogenic in H-2*' but is 
restricted by l-A*' (and by on class I-restricted T-cells) 
(20). We Immunized BALB/c mice with the cl:NP peptide 
and assayed for in vitro lymph node cell proliferation in 
response to either the cI:NP peptide, cIi3-26 alone, or 
NP36s-3eo alone (Fig, 2). We found in three separate exper- 
iments that the response to the combination peptide was 
markedly stronger than that to ci.a-as. and that NPass-sso 
produced no detectable response. A representative exper- 
iment shown in Figure 2 shows a maximal response of 
17,800 cpm for cI:NP compared with 5480 cpm for cl,3- 
26 {background equals 1890 cpm). Based on three sepa- 
rate experiments, the range of the stimulation index was 
7.6-9.4 for cl:NP and 2,8-3.6 for CI12-26. This result was 
unexpected, because previous work from our laboratory 
had shown that within the cl protein cli2_2s was the major 
epitope, constituting more than 95% of the total T cell 
response. 
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nra»re\. Amino add sequences <rf 
JXdc peptides. d,a-« corresponds to 
^^12 to 26 of the d. NP««>D co^- 
to residues 365 to 380 of NP. 
^ ts a synthcoc . chimeric pepthie 
^hose sequence consists of dia-aa (amino 
^oUowcd by NP3a5-»D. Entries of the 
jL« refer to segments wttWn the 
ai^XTcld peptide d:NP, d:P:NP has 
iiT^ sequence as d:NP. with the ex- 
^Zilm of an additional proline residue 
^^nted between the cli>.» and NPsbww 
halves. In NP:P:cI the cla-M and NPs8»-a» 
Arties were exchanged.. sUD separated 
b, a proline residue. OS refers to three 
fiieate of N ANP derived from the drcum- 
sSoarite coat protein jaicirporium 
nSoorto. CSxI. CS:d:NP. and CS:NP are 
chhnertc peptides formed by peptldlcally 
Unking CS and d»».a»; CS, dia-a©. and 
NPsB*^ and CS and NPms-38o. respec- 
ttvtly. 




Cli2-26 
NP363-3B0 

cI:NP 

J9-22 

J9-28 
Ju-28 

cI:P:NP 

NP:P:cI 

CS:NP 

CS:cl 

CS:cI:NP 

CS 



LEDARRLKAIYEKKK 

li^NENMDAMESSTLE 
LEDARRLKAIYBKKKIASNENMDAMESSTLE 
DARRLKAIYEKKKIASNENM 
RLKAIYBKKKIASNENM 
AIYEKKKIASNENM 
AIYEKKKIASNENMDAM 
AIYEKKKIASNENMDAMBSS 
YEKKKIASNENMDAMBSS 
KKKIASNENMDAHESiS 
KIASNENKDAMESS 
LEDARKLKAIYEiCKKP lASNENMDAMESSTLB 
lASKENMDAMESSTLEPLEDARRLKAIYEKKK 

NANPNANPNANPIASNENMDAMES5TLB 
NANPNANPNANPLEDARRLKAIYEKKK 

NAHPHANPNANPLEDARRLKAIYEKRKIASNENMDAMESSTLE 
NANPHANPKANP 
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Z 10 




10 

PEPTIDE 



100 



1000 




(uM) 



-1 1 

, PEPTIDE («M) 



100 



FmTe2, BALB/c lymph node proUfcratkm analysis. Mice were Im- 
mufLrf with 50 /.g d:NP subcuUneously in complete Freund s a^""??!^ 
Seven days later, lymphocytes were removed and stimulated with cl:NP 
PI. d,..„ (•). NP««ao (■). and OV/Wm» (A), and Pjolj^*'^"?^ 
determined by l»Htthymldlne Incorporation as described. In aU figures, 
values plotted on the y-axls represent 0 mM P«P^- 
located on the x-axfe represents a dlsconllnous break In the ipgarthmlc 
scale. 

To determine If T cells specif Ic for the CI12-26 epitope 
can recc^nlze the compo^te peptide cI:NP, we tested the 
response of a panel of seven previotisly characterized T 
cell hybridomas specific for cIi2-26 that were derived from 
BALB/c mice Immunized with d. Six of the hybrids (602, 
787, 8F8.10, 9C12.7. 8F8.4, and 16H8,7) had a similar 
pattern of response, which Is illustrated by the hybrid 
7B7,2 (Fig. 3). In all of these hybrids the response to cI.NP 
was between 0.5 and 1 . 1 orders of magnitude lower than 
the response to cI,2-26. The single excepUon (15C9) re- 
sponded to cI:NP slightly better than to dia-as* Hybrldoma 
15C9 uses a unique segment compared to the other 
six hybridomas (which all express V^8) (21), and pro- 
duces a heteroclltic response to a His subsUtutlon of 
cl,2-26 at position 22. More Importantly, the decreased 
response to cI:NP was not due simply to the increased 
length of the composite peptide, because the response to 
another composite peptide CS:cI (composed of three 
NANP repeats derived from the clTcumsporzoite coat pro- 



Figure 3. Weak response to cl:NP by a d»a.»-speclflc hybrid^ Hy- 
brldwna 7B7.2, originally derived from a BALB/c mouse Immunized with 
cl was stimulated with peptides ctiNP [Ou di-aaj^. NPa«-«o (5. and 
CS:cM^)! and IL-S secreUonwas determined with CTLL Indicator cells as 
described. 

teln of motorfa/alcipartum linked to clia-28; Fig. 1) was 
similar to the response to CI12-2& alone. 

These results are compatible with several compaUble 
hypotheses, inchidlng 1) cItNP was binding to MHC In a 
new configuration that inhibited presentation of the 
cl,2-26 epitope, 2) In the composite peptide the cli2-2ft 
moiety adopts an altered conformation not recognlzabte 
by the cl,2-as specific T cells, and 3) Ag processing follow- 
ing immunization altered or destroyed the CI12-26 epitope 
in the composite peptide. To Investi^te these hy- 
potiieses, we generated T ceU hybridomas from two sep- 
arate fusions from BALB/c mice Immunized with cI:NP. 
A.total of 189 hybrids were screened, and 140 of these 
responded to test peptides, Among tiie responding hy- 
brids 1 10 (1 10/140 = 78.6%) responded only to clrNP but 
not to cI,2-26; and 29 (29/140 - 20.7%) responded to both 
cli2 26 and cI:NP. whUe 1 (1/140 = 0.7%) responded only 
to cIu-26 (Table 1). Of these hybrids, 149 were also tested 
for response against NPss^ without detection of reac- 
tivity. The increased proportion of hybridomas respond- 
ing to cl:NP compared with cI,2-26 correlates weU ^v!th the 
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TABLE I 





Hybrlcb 
Tested 




Rcspojidcfs 


RcspondcfB 


Fusion 1 
Fusion 2 
Total 


40 
149 
169 


29 
81 
110 


4 

25 
29 


(Not tested) 
0 
0 



ciia^ NPssft-sao. and cI:NP. Positive weUs were detennlned by a sUmula- 
tlon Index >3. IL-2 was determined as described by pH|thymldIne Incor- 
poration by the CTLL indicator cell line. 

increased magnitude of the responses to cI:NP In the LN 
proliferation assay of Figure 2, In which bulk T cell 
populations were used (Fig. 2). 

The observation that 97% (29/30) of the hybrids that 
recognized cfi2-28 also recognized cI:NP Indicates that the 
cli2-2e epitope can be recognized within the composite 
peptide and that Ag processing of cl:NP does not quantl- 
taUvely destroy presentation of the clia-ae moiety. These 
results are consistent with the hypothesis that a new 
epitope, presumably overiapplng the two original linked 
epitopes, is preferentially recognized in cI:NP. To deline- 
ate the putative new epitope, we selected nine T-cell 
hybrids for further analysis and stimulated them with a 
panel of overlapping peptides spanning the JuncUonal 
r^ion of cI:NP with serial amino- and carboxy-terminal 
deletions (Fig, 1). The sequences for two other pepUdes 
in this panel were generated by inserting a proline be- 
tween the two original moieties of cI:NP, forming cI:P:NP. 
and by reversing the order of the two moieties in the 
second i^tide while maintaining the Junctional proline 
residue, forming NP:P:cl. The rationale for these modifi- 
cations was twofold. First, prc^ines are known to drasti- 
cally alter secondary protein structure, including the dis- 
ruption of alpha helices, as well as potentlaUon of reverse 
turns (22). Therefore, the proline inserOons may segre- 
gate the peptides Into two immunogenic regions com- 
posed of the two original epitopes clj^.^e and NPaes-aso, 
simUar to domain segr^ation by the proline hinge region 
in Ig molecules (23). Second, the proline insertion 
changes the primary structure of the Junctional region, 
which could disrupt T cell recognition or MHC binding of 
the putaUve new JuncUonal epitope. We also included 
control variants CS:cI and CS:cI:NP. In which the amino 
termini were nonspeclfically lengthened with the se- 
quence NANP derived from the malaria coat protein. 

The panel of T hybridomas was tested with both live 
and glutaraidehyde*fixed L cell APC transfected with I- 
A**. Table n includes eight hybridomas specific for cI:NP 
and one that recognizes cUz^^. The most striking obser- 
vation Is that three of the hybridomas do in fact recognize 
peptides that span the Junctional r^on, in particular, in 
the region of amino acids 3-28. However, four additional 
hybridomas that also recognize cI:NP did not recognize 
any of the analog peptides tested. Although it is unlikely, 
we cannot exclude the possibility that these hybridomas 
might be specific for a processed peptide not included 
within our panel, or require a blocked a-NHa group at the 
amino terminus. Alternatively, these hybridomas may 
recognize a conformation of the JuncUonal region present 
only In the longer cl:NP peptide. The latter hypothesis is 
supported by the observation that the hybridoma D2. 1 57, 
which does recognize cI:NP but not NP or the JuncUonal 
pepUdes, also recpgnizes CS:NP. The stimulatory peptides 
cl:NP and CS:NP share sequence identity only in the NP 



moiety without apparent homology in the amino 1 
the pepUdes. Thus, In this case, the conserved SeqL 
between the stimulatory pepUdes are not sufficimi^ 
recpgnitlon, but additional nonhomolo^nis sequences 
cated in the amino-termlnal r^on of the composite * 
tide are required. These nonhomologous sequences cl 
alter MHC binding or directly alter the conformation 
the NP moiety, in either ckse, favoring recogoitlon 
D2.157. . 

To examine the relative potency of the analog pef^u^ 
eight hybridomas were selected for fine specificity ana^; 
sis. Figure 4 shows the results fromi two hybrldoa 
02. 164 and D2.219, both of which respond to June 
peptides spanning the region including residues 5-1 _ 
All of the hybridomas analyzed recogigized cIrNP wtth}^, 
response equivalent to or stronger than their recogoitlad^' 
of the Junctional peptides. Other workers have sh6w^ 
that immunodominance of some epitopes in the respons^^ 
to protein antigens Is contitiUed at the level ci Ag proc*^ 
esslng ( 1 2, 1 5). To determine If Ag processing altered the 
response to our panel of peptides, we analyzed hybridoma ^ 
responses with glutaraldehyde-fixed APC. The results^ 
from Figure 4 are summarized in Table ID; they shon^I 
that stimulatory peptides sh£u-e the amino add r^dues^ 
9-22 of the composite peptide. Results from fixed APC;'; 
are similar. As shown in Figure 5, although there are: 
subUe quantitative differences in the response to J^-aa • 
and the overall pattern of response is similar with 
live versus f bced APC. Our results from f bced APC support 
the hjrpothesis that immunodominance of the composite 
peptide cI:NP is not controlled at the level of Ag process^ : 
ing. Additional mechanisms Include the possibility that ' 
the junctional r^on has a greater affinity for MHC blnd^ v 
ing than does cl 12-26. or that the conformation of thef 
composite peptide affects the specificity of MHC Binding^ 
or T cell recognition during Ag presentation. To evaluate 
the relative binding affinities of the various peptides fw- 
the I-A** molecule, we performed a competition experi- 
ment using the DO. 11.10 hybridoma specific for amino 
acids 324-339 of ovalbumin. In this experiment A2b APC 
were incubated with different concentrations of cLNP» 
cIi2-26. NPses-aeo. J3-22. and J»_2s phis a fixed concentra- 
tion of the OVAa24-339 i>eptide. The results show that the 
cI:NP and cl,2.26 peptides specifically Inhibit the ovalbu- 
min response in a dose-dependent manner (Fig. 6). More 
importantiy, both peptides inhibit the response with sim- 
ilar dose-response patterns, indicating ttiat the cI:NP pep- 
tide does not have a significantly greater binding affinity 
for I-A** compared with clu-z©. In addition, significant 
competition by these peptides required a 1000 to 2000 M 
excess of competitor peptide, indicating that their affinity 
for 1-A** Is low. Furthermore, the shorter Junctional pep- 
tides did not demonstrate detectable competition, indi- 
cating that their relative affinities are significantly lower 
than thatof cI:NP. 

DISCUSSION 

Our results Indicate that Immunodominance is not de- 
termined solely by the primary amino acid sequence of 
the epitope but Is dependent upon the context of the 
epitope within a given polypeptide. In the context of the 
protein cl, the peptide cli2-2e is consistentiy immunodom- 
inant in H-2*' murine strains, contributing more than 
95% of the total T ceU response. It is notable that clij-ae 
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Figare4. Recognition of JuncUonal pcpOdcs with live 
APC. HylMldomas D2.164 (a) and D2.219 (b) were sUmu- 
iated with peptides cItNP (O), cI:P:NP (+). Jj-m (•). J»-» p. 

(■(. (A). J»-3s (A), and Ji (□) presented on live 
I-A*-lfansfected L-cclls. PepUdes cli3-2a. NPsss-sao. 
).!.». Ji9.» NP:P:cl. CS:NP all failed to sltmulatc cilher 

hvbrtd: the curve x x represents the mean of negative 

responses. IL-2 was deteimlncd with the colorlmetrtc tet- 
razoUum assay as described. 
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is also a major epitope in the and MHC haplo- 
lypes. 

To Investigate the mechanisms of Immunodominance 
of the cli2-26 epitope, we constructed polypeptides In 
which the cl,2^26 epitope was covalently linked to other 



PEPTIDE (uM) 

previously characterized epitopes. Including NPass-aao^ 
forming the composite peptide cl:NP. NPaes-aso was orig- 
inally Identified as a class 1 H-2D^ restricted epitope 
of mnuenza A nucleoproteln (17). and subsequently 
NP36S-380 was also Identified as a class U I-A*^ restricted 



J»-aa 
cl:P:NP 

Jtl-20 

NP:P:d 
CS:NP 



0.3 


0.1 


0.9 


0.2 


3.0 . 


1.2 


6.4 ' 


2.5 


8.2 / 


3.3 


lO.I 


5,0 




80.4 




>100 



LtmiCKlJIAi Y IlKKK 1 ASNBOUMUESSTI^ 
DARRUCAIYEXKKIASNENU 

A I YEXKKI ASNENMDABIESS 
RUCAIYEKKKIASNEMU 

AirEKKKIASNENBOMM 
AIYEKKKIASNEKM 
LEDARALKAIYEKKKPIASNEMEDAMESSTLE 
YEKKKIASKENUZMMESS 
KKKlA5NEr«DAME5S 
KlASNENBIDiAMESS 
lASNENKDAMESSTLE 
lASNEhlMDAMESSTLEPLEDARRLKAIYEKKK 
NANPNANPNANPIASNEWMDAMESSTL E 

" The rc^nscs by hybrlctomas D2. 164 and D2.2 19 to a panel of analog pcpUdcs was determined at peptide concentra- 
tions from 0 to 100 Results Indicate the pepUde concentraUon producing half-maximal IL-2 secretion compared with 
the cI:NP response. A vahic > 100 Indicates a detectable, but less than half-maximal, response at 100 uM pepUde. an 
undetectable response. t~ 
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Figured. Recognition of Junctional peptides with fixed 
APC. Hybrtdomas D2. 164 {a) and D2,2i9 (bj were sOmu- 
lated with pepUdes cl:NP (O). ci:P:NP {+), Jj.^ (•). ^ 
J»-aa PI, J».a» (A). J».3» (AJ. and Jn-as (El) presented on- 
fixed l-A*»-tran3fected L-cells. Peptides c!,».a9. NP^,.^ 
Jia-as. Ji»-a». NP:P:cl. CS:NP all faUed to stimulate either 

hylMid: the curve x x represents the mean ncgaUve 

response. This assay was performed as described In Figure 
4. except that after we grew the APCs to confluence In 96- 
well mlcfotlter wells, they were f faced with glutaraldehydc 
before we added the hybrldoma cells. 
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epltope for CD4* T cells, but wa$ not immunogenic in the 
H-2'' haplotype (20). Following immunization of BALB/c 
mice with the composite cI:NP peptide, the potency of the 
cIi2-26 epitope was dramatically inhibited. In contrast, six 
of seven T cell hybrtdomas tested specific for clia-zs pro- 
duced a reciprocal response pattern of weak recogniUon 
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of the cI:NP peptide. Previous work had demohstiBted 
that the six hybrtdomas had different patterns of fine 
specificity for the cIi2-26 epitope. Including differential 
recognition of CI12-24 versus clu-js and of His or Phe 
substltuUons at position 22 (9). The fact that all six of 
these hybrids had weak recognition of cI.NP supports the 
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-fi CompedUon by clJtP pepUdes for Ag pres- 
TiTwO^^Cwere Intubated with 1 ^ OV/Wj« 

•?s^(?TO.I nohyhrtdpma ceUs/well •« added 
f*^.4 1. tXa ^ determined by the eohwlmetrlc tetrazo- 
SmUyasdescrtbed. 
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The single excepUon. ^yWdoma 15^ <U«erafrom toe pr^ ^ ^pp^^ ^ 

oUier sU hybrids to two respects (9. 21). " « ^^to^neratea si^ifiSntrespoiisetothedmo 

presses a non-V^8 TCR. whereas tte other hj*ridom^. [S^S^SSSS^mmm^tlon te not due to a hole In the 

all Utilize Vfl8 genes. Second, It produces a heterocUUc fouowing ci.wr iiiuiiu.u«. 

,«ponsetotheHlssubsUtutlonatposltlon22.T^^ "^^^^"Se fine specificity analysis of a panel of T 

anl^of thehetertKliUcrespons^to theHlsanak^ ceThSridomas againT analog peptides spanning the 

,0 CI.NP have not been determined^lto^even d^^ ScSjSS^nScI:NP. It is d^Uiat a major comp.^ 

immunogenlclty IS not a general propertyofp^^ St rfSeTminant response Is directed toward a Junc- 

wlth mulUple linked epitopes. Other ^Peri^^nts have ""^ represented by the pepUdes Ja-aa through 

shown that foUowlng immunization With another ^"^^HtopTKterpreteUon of these results Is 

posite pepUde CS:cI. the Immtinodornlnant eP'tope te no^ W ^^'"^J^^jJ^ecule In a conflguiaUon that 
ii^hlbttedandlswhouycontalnedwithinthecl.^^molety ^"Pbin^, jA^^^ ^ ^ ^ ^^^^^ 

(unpublished observations). duetothe conformaUon of the composite peptide. Thus. 

Previous work by Gammon et al. (15^ who "Lare that the tuncUonal epitope is shifted approxl- 

zyme as an Ag. has shown that the determinaUon of ".^fP^f^^^^^^^^ relative to the cl.^» moiety. 

Sununodomll^nce among Pf*^"^*™^, S^o^^^e^eSlctS^ of the MHC binding deft, it 

genlc epitopes can be a f"n<^°'^ P^j^J* Sw^l^tdfffSent residues of the Junctional peptides, 

precise mechanisms have not yet ^'"^^^'^"Jj^^ SS^th d.,-«,. contact the MHC. molecule. In this 

include mulUple steps of proofing. «ncludi^ proteta ^P^ ",^^^,^^ with sites, or binding podi- 

denaturatlon and unfolding, the sequence of ep»toP« "Jl ^HC fixooVe that are different from those 

avallablllty.thesltesofproteolyuccleavageorthea^fln- ^^j/^^^f^^g^^^ 

Ity of binding to MHC molecules. Our results fn>mf«^ S^bmttS th^ peptide conformaUon prior to blnd- 

APC support the hypothesis that the various steps of Ag Uie P^'""°^y' ^^e pepUde for MHC 

procesJ^Sarenotdetermminglmmunodomlnancelnour '"J. Ser binding af- 

syslem-Shough It is less "•^-'f . -^^'^1^ )'^T.:i^^^Z..ra^.^^r^^^^^ 

posslbUlty that In vivo processing preferentially sel«te Jfjf "^^^^^t laimunodomlnance of the JuncUonal 

theJuncUonalepltope.However.because^F^^^^- f^Jj^Sp^detennined bylntra^^^ 

not be inhibited in vivo, we cannot direcUy test this ^P«°Pf^ overlapping JuncUonal and d.^Ias epl- 

posslbmty.Nevertheless.ourlnvltroresultsdoshowthat 

processing Is not required for T cdl S^t^Ses for MHC binding, both in vitn, 

has shown Uiat the in vivo half-life of pepUdes can be '"f^f J^^, ^ tundSnal peptides. The trivial 

innuenced by Hanking s^ences not r^^^^Z J^Ssl S^arrJ^ie? o^^^^^^ •ndude 

munogenlclty: however, because d.^« te WgWy immu ^JP"^' recofflUzed fey these hybrids. However, 

nodomlnant following ImmunizaUon wiOi d our results "l^P^^^'^^^*'^;^ laboratories working wlUi 

canhot be explained by a short hatf-llfe of the d,,.-^ previous work from several la 
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altered conformation Induced by the flanking sequences 
present in the longer composite peptide cI:NP. 

Additional support for this h3rpothesis is the observa- 
tion that two of these four hybrldomas fail toxecognize 
cI:P:NP with the proline insertion; whereas none of the 
other hybrldomas tested were unresponsive to this pep- 
tide. The fact that these hybrids do not recpgnize any of 
the Junction-spanning pepUdes, but that insertion of a 
proline into this r^ion disrupts recognition. Is consistent 
with a mechanism in which the proline dramatically 
alters the pepUde conformation while bound within the 
putative Ag-binding groove of the MHC molecule during 
Ag presentation. Furthermore, the hybridoma D2.157, 
which recognizes cI:NP but none of the Junction ana- 
logues, also recognizes CS:NP. The only observable se- 
quence homology between these peptides is within the 
NP365-380 moiety; however, these hybrldomas do not rec- 
ognize NP3S5-38o^ These results are consistent with the 
hypothesis that the CS moieties. Induce a conformation 
change in the NP portion of the composite peptide, and 
the altered conformation is recognized by a different 
subset of T cells, presumably with a repertoire of TCR 
different from that utilized in CI12-26 recognition. A sim- 
ilar conformational change could occur in the cl:NP com- 
posite peptide. 

Taken as a whole our results indicate that although 
the cl:NP composite peptide contains multiple T cell epi- 
topes, it binds toJ-A" In a^nfiguration that presents, a. 
ndw Juncdimaa e^^^^^ f cell recognition (and simuT- 

taiieouBly InhlbllT^p^^ the CI12.26 epilo^^ 

which was previously ide ntified , as an immunod^ 
e^tope in this haj^lo^pe^ sbrongest evidence sup- 
porSng this mechaiiisTh Is the reciprocal patterns of re- 
sponse observed In the CI12-26 vs the cI:NP specific hy- 
brldomas — the former recognize the composite peptide 
approximately one order of magnitude more weakly than 
cIi2-28: whereas the latter recognize CI12-28 weakly or not 
at all. Presumably. cI:NP binds 1-A** in one of two config- 
urations, exposing either the Junctional or the cli2_26 
epitope, with the eqoilibrium strongly favoring presen-' 
tatlon of the Junctional epitope. This assimnptlon is sup- 
ported by the proportion of hybrldomas recognizing cI:NP 
[79%] vs cIi2-26 (21%) in our initial screening. In conclu- 
sion, immunodominance of the T cell response to the 
cI:NP peptide Is determined by intramolecular competi- 
tion between multiple overlapping, covalently linked T 
cell epitopes. 
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Eur J* tmmunol. 1999. 29: 2213-2222 Antigen presentation block of N-tenminal epitopes 

Effect of epitope flanking residues on the 
presentation of N-terminal cytotoxic T lymphocyte 
epitopes 
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Oxford, GB 
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vVe tiere demonstrate that placing two distinct influenza virus nucleoprotein epitopes at the 
N terminus of a cytosolic protein selectively blocks their presentation to specific cytotoxic T 
iymphocytes. The block is a cytosolic ptierwmenon, which can be overcome by distancing 
the epitope from the protein N terminus by two or more amino acids. Shortening the pro- 
tein's C terminus fails to relieve the antigen presentation block. These results demonstrate 
that events at the N tenninus of the target protein, rather than at its C terminus, are responsi- 
ble for the lack of presentation of N-tenminal epitopes. We also show that lack of presenta- 
iron of N tenninal epitopes is associated with a modification of the target protein which 
affects its electrophoretic mobility and isoelectric focusing point. This modification can be 
prevented by mutating the epitope's N-terminal flanking sequence, which results in an effi- 
cient presentation of the N-tenninal epitope. Lack of presentation of the N-terminat epitopes 
results in a reduced ability of influenza-primed mice to clear acute infection with vaccinia 
virus encoding an N-tenninal nucleoprotein epitope. Our results demonstrate that presenta- 
tion of epitopes localized at the N terminus of cytosolic proteins can be modulated by.events 
occurring at early stages of antigen processing. 
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1 Introduction 

The majority of CTL recognize intracellular proteins in the 
form of peptides associated with MHC class I molecules. 
Newly synthesized proteins are degraded in the cytosol 
and peptides generated from them are then transported 
tnto the endoplasmic reticulum (ER) by the peptide trans- 
porter associated with antigen presentation (TAP) com- 
plex. In the lumen of the ER, peptkJes can be trimmed to 
their final size and are transported to the cell surface in 
association with MHC class I molecules (IJ. 

The analysis of the events leading to antigen presenta- 
tion demonstrate that several steps can influence the 
pool of antigenic peptides presented at the cell surface 
t>y MHC class I molecules. The very presence of peptide 
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At)breviations: ER: Endoplasmic reticuhim TAP: Trans- 
porter associated with antigen presentation NP: Nucteo- 
P^oiein HA: Hemagglutinin 
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binding motifs indicates that MHC class I molecules play 
an important role in epitope selection. There is also 
growing evidence that JfiP has some degree of peptide 
specificity [2, 3). The cleavage specificity of cytosolic 
proteases for the generation of antigenic peptides is less 
well defined. Several lines of evidence suggest that a 
proportion of antigenic MHC class I epitopes are gener- 
ated by the cytosolic protease proteasome (reviewed in 
[4]), though it is becoming clear that other proteases also 
play a role in this process [5-8]. The proteasome is a 
muitisubunit complex with a central catalytic core of four 
stacked heptameric rings forming an enclosed cavity In 
which proteolysis takes place (reviewed in [9]). At least 
five proteolytic activities have been identified in this cat- 
alytic core with respect to amino acki residues after 
which cleavage can be found [10]. The efficiency of anti- 
gen processing by proteasomes appears to be governed 
in part by protein primary sequences and flanking CTL 
epitopes [11-15]. Indeed, epitope hierarchy and immu- 
nodominance may be detenmined by proteasomal cleav- 
age preferences (1 6- 1 8]. 
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Several post-translational protein modificattons were 
shown to be atAe to target cytosolic proteins for rapid 
degradation. Rapid proteolytic turnover of many intracel- 
tular proteins requires the covatent attachment of ubiqui- 
tin to a lysine side chain(s) of tfie sut>strate. Ubiqurtina- 
tion of target proteins is mediated by several ubiquitin 
ligases (called E3, reviewed in [19]) that can recognize 
motifs within the protein or modifications of the protein, 
such as phosphorylation, and assist In the covatent bind- 
ing of the ubiquitin moiety. The role of ubiquitination of 
target protans for the generation of CTL epitopes 
remains controversial [20, 21J. 

Post-translational protein modification may also have a 
more direct impact on antigen presentation [22-24], 
Nee^es and colleagues [3] denKrnstrated that peptides 
with a blocked N terminus failed to be efficiently translo- 
cated by the TAP complex into the lumen of the ER. It 
was also shown that methylatlon or acetytation of the 
N tenminus of a 9-mer peptide reduce the binding affin- 
ity between the peptide and MHC class I nrK>lecules [25, 
26]. This raises the possibility that presentation of N- 
terminally located epitopes might be affected by N-alpha 
acetylatlon found in the majority of cellular proteins [27). 
We therefore sought to address whether the position of 
CTL epitopes within newly synthesized proteins may 
affect their presentation on the cell surface in association 
with MHC class I molecules. An earlier report showed 
that generation of an epitope from the IE1 protein 
pp89 (a regulatory protein of murine CMV) was Impaired 
by its proximity to the protein N-terminus [16]. We 
decided therefore to examine the presentation of epi- 
topes which are in close proximity to the N terminus and 
the possibility that a modification may affect their pre- 
sentation. 



2 Results 

2.1 Lack of presentation of N-terminal ClL 
epitopes 

We sought to study whether close proximity of CTL epi- 
topes to N terminus of target proteins may influence their 
efficiency of presentation through MHC class I mole- 
cules. We engineered a recombinant vaccinia virus (M-) 
expressing the D** epitope 366-374 at the N terminus of a 
fragment of the influenza nucleoprotein (NP) (the nomen- 
clature of the vaccinia constructs used is summarized in 
Table 1 ). As a control we used recombinant vaccinia virus 
expressing either the 9-mer peptide 366-374 (Pep vac) 
or a longer NP fragment, containing the 366-374 epitope 
several amino acids downstream of the N-terminal 
methionine OMP). We dennonstrated that presentation of 
the 366-374 epitope was abolished in tar- 
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Table 1. Nomenclature of the constnicts 



Abbreviation Details of constructs expressed 

the vaccinia ' 

M- > Met 366-498 of NP 

Met Ala 366-498 of NP 

MV Met Wt 366-498 of NP 

MG Met Gty 366-498 of NP 

MD Met Asp 366:498 of NP 

ME Met Gtu 36&498 of NP 

MAs Met Ala Ala 366-498 of NP 

MAs Met Ala Ala Ala Ala Ala 366-498 

ofNP 

IMP M327-498ofNP 

IMP-IC* Met 327-365.147-155,375-498of NP; 

L+M- Hemaggtutinin leader +Met 366-498-''. 

OfNP r- 

MK** Met 147-155,375-498 of NP v 

BAGE 1-43ofBAGE > 

BAGE (NP) 1-10 of BAGE 375-498 of NP 

MK**D** Met 147-155,366-498 of NP 

iy>/21mer Met 366-386 of NP 

D^/43mer Met 366-408 of NP 

Pep vac Met 366-374 OfNP 



get cells infected by M-vaccinia, while efficient presenta- 
tion was ot>served after infection vwth the control vac- 
cinia vims^ (Fig. 1A). The t>lock in presentation after 
infection with M-vaccinia was specific for the N-terminal 
366-374 \f epitope, since the downstream epitope (NP 
380-388) was efficiently presented through HLA B8 nnol- 
ecules (data not ^K>wn). To further characterize the; 
block in presentation of N-terminal epitopes and to study 
whether such a block in presentatton could be detected 
with other N-tenminal epitopes, we analyzed presenta- 
tion of the NP epitope 147-155 restricted through K** 
(M-K*^. We also extended this analysis to the presenta- 
tion of a CTL epitope naturally occurring at ttie N termi- 
nus of a cytosolic protein, the melanoma BAGE epitope 
2-10. presented through the HLA Cw16 molecules [28]. 
Recombinant vaccinia viruses were engineered erKX)d- 
ing either epitopes positioned at the N terminus of the 
NP fragment 375-498 (Rg. IB and C). As a control for 
presentation of the 147-155 NP epitope, we used a 
recombinant vaccinia virus encoding an NP fi^agment 
containing the 147-155 epitope several amino ackJs 
downstream of the N tenminus (IMP-K**). As a positive 
control for presentation of the 2-1 0 BAGE epitope, a vac- 
cinia encoding the full-length BAGE protein was used. 
We demonstrated that the presentation of the NP CTL 
epitope 147-155 was abolished by its location at the 
N terminus of the NP fragment 375-498 (Rg. IB), while 
the BAGE 2-10 epitope was efficiently presented 
(Fig.lC). Presentation of the N tenninal, BAGE Cw16 



presentation of N-terminal epitopes can be extended to 
a second CTL epitope but it is not universal. They sug- 
gest that epitopes prinoary sequences may t>e important 
in detemnining whether close proximity to the protein's N 
terminus affects their presentation to CTL. 

2J2 N terminal block in antigen presentation is a 
cytosotic phenomenon controlled by events 
occurring at the N terminus of the 
polypeptide target protein 

To identify the cellular compartment controlling the block 
in presentation of the N temDinal 366-374 epitope, we 
engineered a recombinant vacdnia virus expressing the 
NP fragment 366-498 preceded by the influenza hemag- 
glutinir) (HA) leader sequence (L+M- in Fig. 2). The pres- 
ence of the HA leader sequence ensured the targeting of 
the NP fragment into the ER lumen (29}. Our results dem- , 
onstrate that the block in presentatk)n of the 366-374 N- 
terminal epitope was a cytosotic phenomenon, since it 
could be relieved be translocating the NP fragment into 



for lysis by 366-374-specific CTL (Fig. 2B). This con- 
finned that the 366-374 epitope, preceded by the HA 
leader sequence, was processed in the lumen of the ER. 
As a control, we showed that transfectton of .174/Db 
cells with TAP1/2 cDNA failed to relieve the block in pre- 
sentation of the cytosolic N-terminal 366-374 0^ epitope 
(Fig.2CV 

We then sought to address whether events a the N temni- 
nus of the target proteiri were responsible for decreasing 
the effidOTcy of presentation of the NP366-374 epitope. 

approached this issue by following two distinct strat- 
egies. The first was to distance the epitope from th^ N 
terminus by an increasing numt>er of amiru) acid resi- 
dues (Rg.3A). The second was to mutate the epitope 
flanking residues, by introducing different N tenminal res- 
idues, and compare their ability to overcome the N termi- 
nal presentation block (Fig.3B). We demonstrated that 
separating the 366-374 epitope from the N terminus 
by two residues was sufficient to relieve the antigen pre- 
sentation block, while a single alanine residue had no 
effect (Fig. 3A). To analyze whether epitope N terminal 
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f/gure 2. The N-temriinal block of antigen presentation Is a 
cytosolic phenomenon. Target celts and recombinant vac- 
cinia viruses are shovm In boxed panels. Presentation of 
epitope NP 366-374 was analyzed in all the panels. Killing or 
tack of killing of target cells is summarized in boxed panels 
by the symtwls / and ^. respectively. 



flanking residues may relieve tfie antigen presentation 
block, we introduced different N-terminal residues 
upstream of the 366-374 epitope. In Rg. 3A we show that 
the presence of a single alanine failed to relieve the anti- 
gen presentation block. Similar results were obtained 



armri 



after introducing negativety charged residues mtil^ 
glutamic acid or aspartic acid (r.e. ME and MD) 
same upstream position (Fig. 3B). In contnE^ otho' ik 
dues such as valine or glycine ^.e. MV and MG) 
capable of relieving the block in presentatk>n of the 
374 epitope. These results ^efirte two pdnts: firskiy, 
the distance from the N terminus is of Importance in 
trollirtg the N terminal bkx:k in presentatk>n» and 
ondly that the N terminal block In pr^entation is 
trolled by the epitope flanking resklues. These 
strongly suggest that events occumng in cbse pro: 
of the epitope are responsible for its lack of 
Furthenmore, we showed ttmt shortening the NP 
ment from the C terminus to an either 21 or 43 
acid long fragment (f.e. D^/21-mer and D^/43-maf) 
to relieve the block in presentatbn (Rg. 3C). 
that events that cause the presentation bk)ck are 
mediated by sequences dowristream of the first 
amino acid residues. 



2.3 Presentation of the N-terminal epitope in 
different mutants correlates with a difference : 
in electrophoretic migration of the antigenic 
proteins 

We ruled out that the effect of the different epitope flank- . 
ing residues in the presentation of the N-terminal epitope - 
366-347 was due to an effect on the overall half life of the 
target proteins^ since two constructs with different pre- 
sentation phenotypes (MA and MV) differed only sRghtly 
in their half lives (data not shown). However, we were sur- 
prised to observe that the migration of the MA and MV \ 
proteins on SDS-PAGE (Rg. 4A) was slightly different To 
rule out an intrinsic variability of different cor^structs in 
their mobility on-SDS-PAGE, we extended this analysis 
to other vaccinia NP constructs. The results showed thai 
all the fragments which were unable to sensitize target 
cells for lysis by 366-374-specific GTL (^.e. MA, MD 
and ME) had a similar electrophoretic nrrobility, which dif- 
fered from the mobility of the MV and MG fragments 
(Fig. 4A and B). The results of this analysis revealed a 
conetation t^tween the migration pattern of the different 
constructs on SOS-PAGE gels and their ability to present 
the tf* epitope. Constructs which did not sensitize target 
cells for lysis through D** nrK>lecules migrated slower than 
constructs 'which were efficiently presented (Rg.4/y. It is 
of particular interest that the ER-readent 366-498 con- 
struct (L+M-), which sensitizes target celts for ly^. has a 
faster mobility on SDS-PAGE than cytosolic fragments 
which failed to be seen by 366-374-specifk:. CTL (MA) 
(Rg. 4C). As a control for the shift in size of the MA and 
MV constructs, we also analyzed constructs containing 
two and five alanine residues, downstream of the N- 
terminal methionine (Fig. 4C). 
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Antigen presentation block of N-tenninal epitopes 
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Figure 3. The effect of epitope flanking sequences on the N-termina! block of antigen presentation. LD^ cells were infected with 
recombinant vaccinia viruses shown in boxed panels. Presentation of the epitope NP 366-374 was analyzed in all the panels. 
Killing or lack of killing of target cells is summarized in boxed panels by the symbols ^ and ^. respectively. 



A confirmatbn was sought for the correlation between 
the change in the proteins* SDS-PAGE mobility and their 
ability to present the D** epitope by separating the differ- 
ent constructs on a denaturing lEF-PAGE and comparing 
their isoelectric points (pi). {Rg. 4C). Results of these 
experiments' confinmed that cytosolic (MV) and ER resi- 
dent (L+M-) NP fragments, which were fcjoth capable of 
sensitizing target cells for lysis by 356-374-specific CTL. 
had a similar pL In contrast, the MA NP fragment, whose 



primary sequence contains the same charged residues 
as the L+M- and MV fragments, had a different pi. The 
difference in pi between the MA NP fragment and MV NP 
fragment was consistent with either the addition of a 
negatively charged residue or the at)sence of a positively 
charged residue. These results reinforced the correlation 
between the biochemical change in protein arxJ the anti- 
gen presentation block. 
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Figure 4. Difference, in electrophoretic mobility of tlie trun- 
cated NP variants. Anti-NP antilxxlies were used to immu- 
nopredpitate vaccinia-encoded NP mutants from metaboli- 
catly tat>eled LD^ cells. Immunoprecipltated products were 
separated by elther<SDS-PAGE (A. B» C) or lEF-PAGE (D). In 
(D), cells were metabolically tat>eted either for 30min (lanes 
1. 3 and 5) cm- 6h (lanes 2. 4 and 6). Outlined anrows indicate 
constructs with a faster SDS-PAGE mobility (A, B and C) and 
lower pi (D) as compared to the other conslnjcts (black 
arrows). 



2.4 Lack of presentation of N-terminal CTL 
epitopes in vivo 

We decided to examine the block in presentation of the 
N-terminal epitope in vivo. Two constructs were com- 
pared, one in which presentation of the N-temr>inai epi- 
tope was blocked (MA), and the other in which the epi- 
tope was presented (MV). C57BIJ6 mice were primed 
with influenza virus and subsequently challenged with 
either MV or MA. Vaccinia virus titers were determined by 
counting PFU in the ovaries, 5 days after infection. At 
this time point vaccinia viruses, cape±)le of sensitizing 
infected cells for lysis by 366-374 epitope-specific CTL, 
were expected to be cleared by the primed mice. As 
controls, the MV or MA vaccinia viruses were injected 
into mice that were not primed with influenza virus and 
were thi© expected to produce high titers of t)oth vac- 
cinia virus. Rg. 5 shows that in primed mice, only the 
vaccinia containing the MA construct could proliferate. 
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Figures. The N-tenninal Wock of antigen presentatioaj 
vents clearance of an acute viral infection in mice. Mk 
primed with influenza virus were challenged with i 
nant vaccinia virus er)coding either MA-NP fragment oi* I 
NP fragment- Virus titer in the ovaries was detemraned ( 
Sect. 4.7). Each circle represents a single rTK>use and sbow^| 
the number of PFU per two ovaries. MA and MV are contrbl| 
mice challenged vtfith either MA or MV vaccinia vims but rra|| 
primed with influenza virus. Flu-*' MA and Fhi^MV sro^^ 
mice primed with influenza virus and challenged on day 2Gi; j 
with vaccinia virus containing ©ther MA-NP fragment 
(Flu-*MA) or MV-NP fragment (Ru->^MV). 

demonstrating the significance ir? vrvo of the N-terminal. 
block in presentation of the 366-374 epitope. 



3 Discussion 

We have identified a block in the antigen presentation 
pathway which is dependent on the epitope's position 
within tiie protein. This presentation btock reduces, the . 
ability of primed mice to clear acute viral infection. We 
have located the cellular compartment responsible for \ 
this block in presentation and ctemonstrated that it can 
be relieved by distancing the epitope from the N termi- 
nus or by changing the immediate upstream residues. 
This phenomenon is not specific for one efwtope, as it 
was repnxiuced with a second epitope presented 
through H2-IC* class I molecules. We showed, however, 
that the N-temninal block in antigen presentation is not 
universal,^as evkJent from presentation of ttie N-terminal 
Cw16 BAGE epitope. We went on to demonstrate that 
the block in presentation of N-terminal epitop^ps cone- 
lates with a shift in size and charge of the target protein. 
Our results show a significant correlation between the 
lack of presentatton of N-terminal epitopes and mobility 
on SDS-PAGE and pi of vaccinia-encoded NP isolates. 
Fragments which are not presented to NP366-374- 
^ecific CTL have a slower mobility on SDS-PAGE gels 
and also have a more acidic pL The nature of the modifi- 
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the coding sequwtce of M- {generating an additional methio- 
nine codon between them). The BAGE 1 gene was amplified 
from cDNA done [28] using primers GAAGATCTCAGAAGAT- 
GAAGCACAGAGC and GAAGATCTCAGAAGATGAAGCA- 
CAGAGC and inserted between the Ncol and Bglll sites of 
PSC1130R.2. The nomendature of the constructs is sum- 
marized in Table 1 . 



4.3 CTL lines and cytotoxicity 

Isolation and maintenance of CTL done F5 recognizing the 
H'2D^-fBStricted epitope (ASNENMDAM) of influenza vims 
{A/HK/a/68) NP were described previously [32J. Isolation of 
clone 82/82 recognizing the CW1 801 -restricted epitope of 
the BAGE protein was described elsewhere [28]. 



4.4 Chromiunn-retease assay 

CTL assays were performed using a standard protocol. Tar- 
get cells (1x10^ were infected with 10' PFU of recombinant 
vaccinia vims and labeled with 100 |iCi *'Cr at 37 "C. After 
SOmin, cells were washed twice and resuspended in RIO 
medium for 4 h at 37*0. Targets were added to CTL, RIO 
only, or 5 % Triton. After 4 or 7 h incubation at 37 -C, super- 
natants were collected arni counted. Specific lysis was cal- 
culated as mean of duplicate results of release with added 
CTL minus release without CTL (in Rl 0) divided by release in 
5 % Triton minus release in R10. 



4.5 Immunopreciprtation 

Cells were infected with recombination vaccinia virus at a 
multiplicity of infection of 10 for 90min at 37 'C. then incu- 
bated for 2 h in RIO following a wash in the same medium. 
Cells were then resuspended at 2x 107ml in methionirie- and 
cysteine-free R10 for 1 h at 37**C. Promix (143 jiQ; 70% 
PS] methionine, 30% psicysteine) was then added and the 
mixhjre incubated for 30 min (unless stated othenMse) at 
37 °C. Labeled ceils were then washed in ice-cold PBS and 
resuspended in 0.5ml lysis buffer {150mM NaCI» 50 mM Tris- 
HCI, pH 7.5. 5mM EDTA. 0.5% NP40, 0.5% Mega9. 2mM 
phenytmethylsutfonyl fluoride. 5mM iodoacetate), foltowed by 
centrifugation to pellet nuclei. Lysates were precleared with 
Pansorbin overnight at 4*^0 and immunopredpitated with 
sheep antiserum (SI 46) raised against NP (kindly provided by 
Prof. RW Newman, Potters Bar. GB) and protein-A-coated 
Sepharose beads. Following extensive washing, proteins 
were eluted from the beads using either standard SDS-PAGE 
sample buffer and heated at 95 ^C for 5 min or in lEF-sample 
buffer (9.5 M urea, 2% NP40. 2% amphdines pH 3.5-9.5. 
5 % 2-ME) and incubated at room temperature for 60 min. 



4.6 lEF and SDS-PAGE 

For lEF gels, eluted proteins were separated by < 
lEF-PAGE containing 3.85%.acrylarrtde, 7.8M urea, t J 
NP40. and 3.4 % and 0.85 %* amphoOnes pH 3.5n5.a|i!^j 
9.9. respectively. Samples w6re loaded at the. high pH is 
the gel and a constant voltage of 880V was appUed qv^ 
night (13-16h). For SDS-PAGE, proteins were separEded;| 
a 12% acrylamide gel. SDS-RAGE gets were stained ijr 
Coomassie Blue. Gets were then soaked in Amplify ( 
sham), dried and exposed to X-ray film. 



4.7 Infection of mice 

Four female C57BI76 mice were primed by intranasal 
tion with influenza vims E61-13-H17 (351. Four 
female mice were left uninfected. At day 20 two prirned .rn|^ 
and two control mice were infected i.p., with recombir^iTtj 
vaccinia vims expressing either the MV construct or the 
constmcts. Rve days later, ovaries wot collected and' tl^^ 
numtier of vacdnia PFU was determined by infecting difiPr 
tions of homogenized ovaries onto TK1 43 cells and countmg 
plaques after 2 days. 
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